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 i 
Abstract 
In Sri Lanka science education in schools plays a vital role in developing the scientific knowledge 
and skills that are required for a knowledge-based society. While these knowledge and skills are 
being developed through educational reforms that promote student-centred learning, there is also an 
increasing emphasis in Sri Lankan secondary schools on developing independent and autonomous 
learners. No studies have been found that have examined the practices that Sri Lankan senior 
secondary school teachers use to develop students’ science achievement, nor have there been studies 
that have examined whether or not these practices are associated with developing student autonomy, 
in particular, self-regulated learning (SRL). This study aimed to examine these topics. 
The present study comprised two phases, both of which were qualitative in nature. In Phase 1, the 
research questions were: (1) What practices do senior secondary school teachers use to foster 
students’ science achievement? and (2) What understandings do the teachers have about the Sri 
Lankan government’s policy related to student-centred learning, student autonomy, and the 
teacher’s role as a facilitator? Focus group interviews were conducted with 12 science teachers 
from three schools in the Kalutara district of Sri Lanka. Inductive thematic analysis was used to 
analyse this data. 
The questions addressed in Phase 2 of the study were: (1) What practices do senior secondary 
school teachers use to foster students’ science achievement? (2) How do senior secondary school 
teachers use these practices in their science classrooms? and (3) Which of these classroom practices 
are related to SRL? Using a case study approach, two classroom observations and one semi-
structured interview were conducted with four teachers. The data were analysed using inductive and 
deductive thematic analysis. Pintrich and Zusho’s (2007) model of student motivation and SRL was 
used in the deductive analysis. A cross-case analysis was also conducted. 
Overall, the findings revealed that the senior secondary science teachers used a variety of teaching 
practices to foster their students’ science achievement. These practices related to developing 
scientific learners (e.g., demonstration, group experiments), developing students’ science interests 
(e.g., “hands-on” learning activities), helping students to achieve their goals (e.g., setting realistic 
goals and deadlines for meeting goals), developing students’ independent learning (e.g., offering 
“choice” in selecting learning tasks, choosing peers when working on group experiments), and 
practices to identify and support students (e.g., conducting after-school classes). 
An analysis of the practices used in Phase 2 revealed that some of the practices could be described 
as relating to SRL. However, even when the practices could be described as SRL-related practices, 
the teachers used them infrequently. The SRL-related practices were practices to develop cognition 
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(e.g., modelling, scaffolding), practices to set and monitor goals (e.g., concept maps to monitor 
achievement of learning goals), practices to develop motivation (e.g., out-of-school learning 
experiences, hands-on learning activities), and practices to develop autonomy (e.g., independent 
research projects and assignments). 
This study contributes to an understanding of the teaching practices that senior secondary science 
teachers in Sri Lanka employed in their classrooms in a culture where direct teaching and exam-
oriented instruction are still dominant. Despite the government’s attempts to reform Sri Lanka’s 
education system and teachers’ practices, only a few of the teachers were observed using practices 
that fostered student-centred learning and student autonomy, even though the teachers understood 
these concepts.  
Some limitations of the study were identified. These are discussed in terms of the need for a larger 
sample size and more classroom observations. The findings suggest that science teachers should be 
provided with professional development and resources to improve their practices in the teaching of 
science and to develop their awareness of practices related to SRL. In addition, changes to the 
exam-oriented curriculum and assessment practices are needed so that there is better alignment with 
the education reforms that promote student-centred learning. Future research could investigate the 
effects of particular teaching practices related to SRL on students’ science achievement. In addition, 
future research could investigate the effects of professional development on senior secondary school 
teachers’ practices related to SRL. 
It is important that senior secondary school science teachers in Sri Lanka continue to use many of 
the practices that were identified in this study and that they also learn new practices that will 
encourage their students to become self-regulated learners who actively control their learning as 
they become more independent and achieve well in science. 
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Chapter 1:   Introduction 
1.1 Statement of the Problem 
Sri Lanka is working towards becoming a knowledge-based society (Central Bank, 2010), in which 
individuals possess skills such as imagination, creativity, independence, problem-solving, and 
critical thinking (Daniel, 2013). One of the school curriculum areas which can contribute to the 
development of these aforementioned skills is science education (Daniel, 2013). Science education 
plays a vital role in developing students with the necessary scientific knowledge and skills as well 
as preparing them for the world of work.  
In addition to development of these skills, there is substantial support from the government for the 
promotion of students as independent learners. Such students are referred to as autonomous learners 
who take control of their learning, set personal goals (Rogat, Witham, & Chinn, 2014), make 
choices and act on those choices, and reflect on and self-monitor their learning (Stefanou, Stolk, 
Prince, Chen, & Lord, 2013). In the context of developing independence these students develop 
self-regulated learning (SRL). SRL refers to “processes that learners use to activate and maintain 
cognitions, emotions, and behaviors to attain personal goals” (Zimmerman & Kitsantas, 2014, 
p.145). In science learning, the cognitive component of SRL includes conceptual knowledge, 
inquiry, problem-solving, and critical thinking. The metacognitive component includes knowledge 
and control of cognition, while the motivation component is needed to maintain the engagement and 
deliberate practice for developing scientific proficiency (Sinatra & Taasoobshirazi, 2011). These 
components of SRL behaviours are also required in a knowledge-based society. Imagination, 
creativity, scientific knowledge and literacy, and positive attitudes towards science are important to 
developing student autonomy which is associated with SRL. Autonomy is a process of taking 
control and evaluating one’s own learning behaviour (Schuitema, Peetsma, & van der Veen, 2012).  
In Sri Lanka, schools are moving towards developing a knowledge-based society through trying to 
enhance science education. They are also focusing on the trends in education that promote 
autonomous learners (National Institute of Education [NIE] 2007). In line with these new 
educational trends, the educational reforms promoted by the Sri Lankan government emphasise 
student-centred learning (SCL) and independent learning which promotes student autonomy (NIE, 
2007, 2015). However, while the government is promoting student autonomy, and encouraging 
students to take control of their learning process to promote SCL, these important focus areas 
associated with SRL are not yet apparent in policy reforms. SRL per se has not been mandated by 
the education reforms, although it is assumed that SRL strategies are apparent in Sri Lankan 
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teacher’s practices that are purported to be developing student autonomy, thinking, and problem-
solving skills. Therefore, the extent to which classroom practices in Sri Lankan science education 
classrooms reflect the promotion of SRL is not yet known. In this context, the researcher was 
interested in investigating what practices do senior secondary school science teachers use to 
contribute to the knowledge-based society to foster students’ science achievement, how do the 
teachers use them, and which of these practices are related to or reflect SRL.  
1.2 Aim of the Study  
The aim of the study was to investigate senior secondary school teachers’ practices that were used 
to foster students’ science achievement and to determine which of these practices were related to 
SRL. Science achievement in this thesis refers to a student’s understanding, knowledge and skills 
related to science (Australian Curriculum, Assessment, and Reporting Authority [ACARA]), 2015). 
Typically science achievement is judged by considering the depth of students’ understanding, the 
extent of their knowledge, and the sophistication of their skills (ACARA, 2015). The rationale for 
selecting science was that research suggests that cognitive and metacognitive components of SRL, 
such as problem-solving strategies and critical and reasoning thinking skills can be taught 
effectively in science classrooms (Sinatra, Kienhues, & Hofer, 2014).  
Teachers of senior secondary students (Grade 10 and 11 students, age 15 and 16 years respectively) 
in the curriculum area of science were selected for the study. The senior secondary years of 
schooling are considered to be important years in which major changes occur in the cognitive, 
metacognitive, and emotional domains (Effeney, Carroll, & Bahr, 2013). Therefore, teachers who 
teach in senior secondary school classrooms should be engaged in helping students to become self-
regulated learners.  
The study was a qualitative study involving two phases. Phase 1 involved the identification of 
senior secondary school teachers’ practices used to foster students’ science achievement. This phase 
also included investigation of teachers’ understandings of the Sri Lankan government policies 
related to education reforms. Phase 2 of the study also investigated senior secondary school 
teachers’ practices used to foster students’ science achievement. In addition, in Phase 2, the 
researcher sought to determine which of the classroom practices related to SRL. 
1.3 Research Questions 
The key research question for the study was: 
1. What practices do senior secondary school teachers use to foster students’ science 
achievement and which of these practices are related to SRL?  
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The researcher addressed this question through several subsidiary questions that were investigated 
in two phases.  
1.3.1 Phase 1 
In Phase 1, Focus Group Interviews were used to collect data about senior secondary school science 
teachers’ reported practices that were used to foster students’ science achievement. In addition, 
teachers’ understandings of the Sri Lankan government policies related to education reforms (i.e., 
student-centred learning, student autonomy, and teacher’s role as a facilitator) were investigated. In 
doing so, the following questions were asked: 
1. What practices do senior secondary school teachers use to foster students’ science 
achievement? 
2. What understandings do the teachers have about the Sri Lankan government’s policy 
related to student-centred learning, student autonomy, and teacher’s role as a facilitator? 
1.3.2 Phase 2 
In Phase 2, Classroom Observations and Semi-structured Interviews were used to obtain 
information about the senior secondary school teachers’ practices that were used to foster their 
students’ science achievement and to understand which of these practices were related to or were 
associated with SRL. The questions addressed in Phase 2 of the study were: 
1. What practices do senior secondary school teachers use to foster students’ science 
achievement? 
a. How do senior secondary school teachers use these practices in their science 
classrooms? 
b. Which of these classroom practices are related to SRL? 
The study was conducted in Sri Lanka. The following section describes the context of study which 
includes an overview of the schooling system in Sri Lanka, the types of schools, challenges faced 
by Sri Lankan secondary education, education reform in secondary schools, the senior secondary 
science curriculum, challenges to the science curriculum, and teachers and teaching in Sri Lanka. 
1.4 Context of the Study 
The study was conducted in the Democratic Socialist Republic of Sri Lanka in 2012. Sri Lanka is an 
island in the Indian Ocean about 28 kilometres off the south-eastern coast of India with a population 
of about 20 million people (Department of Census and Statistics, 2012). According to the Education 
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Act of 1945, Sri Lanka provides free education from primary to undergraduate level and also offers 
free textbooks, free uniforms, and subsidises transport for all government school students.  
1.4.1 The schooling system in Sri Lanka. 
Sri Lanka has a 13-year schooling system which is organised into five main stages: Primary (Grades 
1 to 5); Junior Secondary (Grades 6 to 9); Senior Secondary (Grades 10 to 11); Collegiate (Grades 
12-13); and Tertiary (tertiary education and parallel technical education and vocational training 
[TEVT]) (Ministry of Education [MoE], 2013a). Students enter school in Grade 1 at age 5 years. 
1.4.2 Types of schools.  
Sri Lankan schools are categorised into two main types: government and non-government schools. 
The government schools fall into two administrative categories, namely, national schools and 
provincial schools. The non-government schools are organised as private and international schools 
(MoE, 2013b). In 2013, approximately 4,037,157 students were enrolled in the 10,012 government 
schools comprising 350 national schools and 9,662 provincial schools (MoE, 2013b). There were 
797,300 students in the national schools and 3,239,857 students in the provincial schools. The 
national schools are directly controlled by the MoE, while the provincial schools are controlled by 
the eight provincial councils, although with respect to policies and the monitoring of schools they 
are under the authority of the MoE. Compared to provincial schools, the national schools are seen as 
prestigious government schools and are in high demand by students (MoE, 2006). National schools 
typically have better facilities, qualified teachers, laboratories, and have at least 2000 or more 
students including 200 or more in the General Certificate of Education Advanced Level (GCE A/L) 
science classes (National Education Commission Report, 2003). All government school students 
follow the national curriculum and sit national examinations in Grades 5, 11, and 13. The medium 
of instruction in government schools is either the Sinhala or Tamil languages. Very few schools 
instruct in English and they only do this in selected grades such as Grades 6 to 13 (Little, 2010).  
1.4.3 Challenges faced by Sri Lankan secondary school education.  
Sri Lankan secondary school education and science education in particular, has faced and continues 
to face a number of challenges. For example, the NIE (2007) identified challenges related to 
teacher-centred learning involving: direct teaching; textbook-based, exam-oriented teaching and 
learning; and memorisation of text/factual information for examinations which led to rote learning; 
the lack of opportunities for the students to acquire process skills associated with science learning 
(e.g., observing, classifying, and proposing hypotheses); and the lack of opportunities in the 
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learning-teaching process to develop conceptual understandings and higher order thinking. Sri 
Lanka’s National Science and Technology Policy (Ministry of Science and Technology, 2008) also 
identified problems with school science education. These included: (i) exam-oriented teaching and 
learning which hindered students’ independent and logical thinking; (ii) the lack of interest in 
science among students; and (iii) a paucity of human and other resources related to science in 
schools. These challenges associated with secondary school education and science education 
created a call for “substantial modernisation” of education (MoE, 2007). This modernization was to 
be achieved through reforms in several fields but especially in science education (Ministry of 
Science and Technology, 2008). 
1.4.4 Education reforms in secondary schools. 
From 2007, there were three phases of curriculum reform in Sri Lanka. The first reform was 
introduced by the NIE in 2007 and was to be implemented from 2007 to 2014. The second phase is 
to be implemented from 2015 to 2024. The third phase of reform will be introduced in 2025. The 
key aim of the reform in 2007 was to shift from teacher-centred learning to student-centred 
learning, by adopting student-centred and competency-based education. The NIE (2007) argued that 
student-centred and competency-based education would assist with the development of students’ 
competencies and skills to prepare them for the world of work.  
The first phase of the student-centred and competency-based curriculum reforms for all the subjects 
in the secondary school level aimed to provide a more constructivist approach to teaching and 
learning (NIE, 2007). A competency-based curriculum promoted student-centred inquiry and the 
students were encouraged to use reasoning, problem-solving, and higher order thinking skills to 
apply knowledge concepts within the subject discipline or to real or new situations (NIE, 2007). In 
student-centred learning, the students were to take responsibility for their learning, actively 
participate in learning tasks, and the teacher was to act as a facilitator who helped students to 
become independent learners (NIE, 2007). In order to develop student-centred learning, the 
competency-based curriculum focused on developing seven student competencies. These were 
competencies related to: (1) communication (literacy, numeracy, graphics, and Information 
Communications Technology [ICT]); (2) the environment (Social, Biological and Physical); 
(3) religion and ethics; (4) play and use of leisure; (5) learning to learn; (6) personality 
development; and (7) preparation for the world of work and employment (NIE, 2007). The 
competency levels associated with the competencies that students should attain in the different 
grades have been identified by the NIE.  
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In order to develop the competencies, the NIE suggested placing less emphasis on the traditional 
teacher-centred approach to teaching and more emphasis on a student-centred approach to teaching 
and learning. The teacher was expected to facilitate students’ learning by creating a SCL 
environment. In the SCL environment the teacher moves from a transmission role (i.e., 
transmission of subject-matter knowledge to students) to a transformational role (i.e., facilitating 
student learning) (NIE, 2007). In performing the facilitator’s role, the teacher: (i) initiates the 
learning tasks in a way that fosters students’ interests; (ii) plans the learning environment; (iii) 
closely observes how the students learn; (iv) identifies student abilities and inabilities to learn, and 
promotes learning by providing feedback; (v) pays close attention to student presentations and 
discussions; and (vi) prepares assessment instruments which extend learning (NIE, 2007).Therefore, 
the new role of the Sri Lankan teacher is as a facilitator who provides opportunities to the students 
to develop their autonomy in learning in order to construct knowledge themselves which may lead 
to developing students’ SRL. In order to improve in-service teachers’ pedagogical knowledge and 
practices as a facilitator, the NIE provides professional teacher training programmes. 
The second phase of the curriculum reform at the secondary school level was introduced in early 
2015. The aim was to give more autonomy to teachers to select appropriate teaching practices, 
learning resources, and assessment methods in order to ensure that students achieve their learning 
outcomes (NIE, 2015). In order to assist the teachers to have greater autonomy, the MoE offered the 
teachers a range of professional development including selecting quality inputs, teaching practices, 
learning tasks, supplementary learning materials, and assessment methods (e.g., peer assessment).  
1.4.5 The senior secondary science curriculum. 
Science is part of the “common curriculum” for students in Grades 6 to 9 and is a “subject 
curriculum” for students in Grades 10 to 13 (NIE, 2007). The Grades 6 to 11 science curriculum 
comprises eight course objectives (see Appendix 1). The senior secondary curriculum consists of 
nine subjects including six core subjects and three optional subjects. To pursue studies in the higher 
grades (e.g., GCE A/L), students have to obtain six ordinary passes in the General Certificate in 
Education [Ordinary Level] (GCE O/L) examination, including in mathematics and in the mother 
tongue, and they have to obtain three credit passes.  
The science curriculum in Grades 10 to 11 comprises three subjects: biology, chemistry, and 
physics which are presented in three textbooks. The Department of Education Publications issues 
the textbooks. While textbooks are issued to the students, the teachers are provided with a 
Teacher’s Guide by the NIE. This guide is an instructional manual for each grade. It contains 
information about the content of the learning outcomes, guidelines for the lesson plans, and 
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assessment and evaluation of learning outcomes. In the Teacher’s Guide, the subject content is 
organized as a set of competencies and sub-competencies for each grade level. A variety of sample 
activities are provided to assist teachers to develop the students’ competencies. These activities are 
detailed with example lesson plans based on a five-step structure. Each activity is developed using 
the 5E instructional model (NIE, 2007).  
The 5Es are: (i) Engagement; (ii) Exploration; (iii) Explanation; (iv) Elaboration; and (v) 
Evaluation. In the Engagement step, the teacher provides opportunities for the students to 
participate in a dialogue about the topic. In the Exploration step, the teacher encourages the students 
to recall their previous knowledge relevant to the topic. The teacher presents the students with 
challenging tasks and helps them to develop and organise their ideas to reflect on their learning. 
Students work in groups to complete the learning tasks which are presented on a worksheet. In the 
Explanation step, the student groups present their findings to the whole class. In the Elaboration 
step, students can ask additional questions to clarify their understandings with each other or with the 
teacher. The teacher engages students in a discussion to extend and refine their understanding, 
monitor their learning, and provide feedback. In the Evaluation step, the students are evaluated 
based on their explanations and elaborations in the previous steps. The teacher provides feedback to 
the students, assists them to evaluate their progress, and supports them as they reflect on their 
learning. The teacher acts as a facilitator throughout the teaching and learning process by providing 
learning opportunities and learning resources to the students to construct knowledge by themselves 
and encourages the students to share their views in small groups (NIE, 2007). 
1.4.6 Challenges to the science curriculum. 
Although the Sri Lankan government has aimed to reform science education in secondary schools, 
several studies have indicated that there are still many challenges. For example, Aturupane, 
Dissanayake, Jayawardene, Shojo, and Sonnadara (2011) conducted focus group discussions with 
staff at the NIE, the curriculum developers, education officers at the MoE, education officers in the 
provinces, zones, and divisions, school science teachers, and principals in several provinces in Sri 
Lanka. The focus of the study was to identify the challenges for school science in the following 
areas: the curriculum; teaching and learning methods; assessment; teaching materials; and science 
teacher training and to make suggestions for future improvement of school science programmes. In 
these focus group discussions the participants highlighted several challenges. These included: the 
“overloaded” and exam-oriented science curriculum; the lack of student-directed inquiry; the lack 
of attention to practical work including hands-on laboratory experiments; the shortage of qualified 
science teachers in rural schools; the lack of integration of ICT in science education; the assessment 
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in the GCE (O/L) examination of students’ cognitive abilities rather than of the competencies and 
learning outcomes related to the competency-based curriculum; and the poor quality and 
inconsistency of the science textbooks that were published in all three languages – Sinhala, Tamil, 
and English. The authors suggested a number of recommendations to overcome these problems 
such as: reducing the content of the overloaded science syllabus; introducing science practicals as 
part of the examination system; improving pre-service and in-service science teacher training 
programmes; integrating ICT in lessons and sharing science knowledge among the teachers via the 
‘school net’ (a web portal that connects around 1500 Sri Lankan schools); changing the 
examinations to be more in line with the competency-based curriculum; and improving the quality 
of textbooks and laboratory facilities.  
In another study documenting the challenges to the Sri Lankan education system, issues related to 
exam-oriented teaching and learning (particularly in Grades 5, 11, and 13) were reported. 
According to Egodawatte (2014), senior secondary school students are evaluated by a highly 
competitive terminal examination (GCE O/L) in Grade 11 which is a cognitive-based examination. 
This written examination mainly assesses the cognitive load that a student can recall during the 
examination and their performance skills are not considered (Egodawatte, 2014). Therefore, he 
suggested including assessment of performance skills as part of the GCE (O/L) examination.  
Marambe, Vermunt, and Boshuizen (2012) also stated that the assessment dominated, exam-
oriented, textbook culture means that Sri Lankan students are required to reproduce knowledge 
transmitted in the classroom in their exams. Such attempts, according to the authors, may produce 
passive students. Marambe et al. also commented that although the NIE has introduced several 
reforms in secondary education, it is still a teacher-centred and authoritarian system where the 
student is not supposed to argue with or challenge the thinking processes of the teacher. Although 
policy makers and educators are aware of the rigid examination system, changes in the system have 
not been implemented to date.  
In the next section, teacher education in Sri Lanka is described.  
1.5 Teachers and Teaching in Sri Lanka  
Teacher education in Sri Lanka is provided by the NIE, the faculties/Departments of Education in 4 
universities, 17 National Colleges of Education, 9 Teachers’ Colleges, teacher centres, and regional 
English support centres (MoE, 2013a). In addition to these providers, some of the universities such 
as the Open University, the University of Colombo, and the NIE have their own regional centres 
and offer undergraduate and postgraduate programmes on an island-wide basis. The NIE is the key 
institution that provides professional development training to in-service teachers in Sri Lanka.  
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In-service teachers in government schools can be described as postgraduates, graduates, trained 
teachers, or untrained teachers (MoE, 2013b). Postgraduate teachers hold a postgraduate degree or a 
postgraduate diploma in education. Graduate teachers are teachers who have graduated with a 
Bachelor of Education or any other degree. Trained teachers are teachers who have graduated from 
Teacher Training Colleges or the National Colleges of Education (NCoE) with a 3-year teaching 
diploma. The untrained teachers fall into three categories, including teachers who are not trained but 
hold a 2 to 3 year diploma (absorbed into the Sri Lanka Teachers’ Service), teacher trainees who 
have not been absorbed into the Sri Lanka Teachers’ Service, and other teachers who are paid by 
other organisations such as the School Development Board (MoE, 2006). Ninety-six percent of 
teachers in government schools are either graduates or trained teachers. In 2013, there were 90,515 
graduate teachers, 129,686 trained teachers, 4,388 untrained teachers, and 2,394 trainee teachers 
(MoE 2013b).  
According to reforms shown in teacher education and curriculum policy documents, teachers have a 
particular role to play in students’ learning. In the context of secondary school science, in order to 
develop students as student-centred learners with the necessary scientific knowledge and skills to 
contribute to the knowledge society of the country, Sri Lankan teachers may need pedagogical 
knowledge and practices that will allow them to develop student autonomy and SRL. Although SRL 
has been identified as one of the key components in teacher training programmes in other countries 
(Perry, Hutchinson, & Thauberger, 2007), it would seem that many teachers in Sri Lanka are not 
aware of the importance of SRL for the achievement of their students because these concepts are 
not taught in undergraduate teacher training programmes (University of Colombo, 2013). While 
research highlights the value of SRL for students’ science achievement (e.g., Michalsky, 2013; 
Sinatra & Taasoobshirazi, 2011), its importance is not reflected in the curricula of either pre-service 
or in-service education. In the next section, studies of teaching practices related to secondary school 
science in Sri Lanka are reviewed. 
1.6 Studies of Teaching Practices in Science in Sri Lanka 
In Sri Lanka, there have only been a few studies about secondary school science teachers’ practices 
that have been published since the implementation of the educational reforms. Aturupane et al. 
(2011) identified a range of challenges that Sri Lankan science teachers face in terms of curriculum, 
teaching, and assessment. The researchers reported that despite the 5E instructional model being 
introduced into Sri Lankan classrooms in 2007 to improve teaching and learning, there were still 
challenges in its implementation. The challenges identified in their study by the teachers and 
educational authorities, including zonal staff mainly referred to time constraints related to 
completing the content of the science syllabus. It was suggested that the science curriculum Grades 
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6 to 13 was overloaded and as a result students could not learn the content and the teachers were 
unable to complete the syllabus on time. It was also revealed that in order to complete the 
overloaded syllabus many schools arranged after-school classes. Teachers tended to use lecture-
based teaching and therefore little cooperative learning was used. There was a lack of awareness 
among the teachers of the new teaching strategies. The teachers in Aturupane et al.’s (2011) study 
reported that they had not received adequate training in relation to the education reforms in SCL 
and the 5E model and they said they were not “clear” and “not confident” about implementing the 
reforms in their classrooms. Most teachers stated that some of the in-service advisors in science did 
not have adequate knowledge to provide guidance to improve science teaching in Grades 6 to 13.  
The teachers in Aturupane et al.’s (2011) study also reported that laboratory work was not given 
sufficient importance in the curriculum. Some schools held practical classes after-school as class 
time was taken up by the teaching of theory. The teachers in Aturupane et al.’s (2011) reported that 
students in some schools completed the GCE (O/L) examination without completing any practical 
work. The majority of the schools lacked laboratory resources, particularly chemicals. Some of the 
zonal staff mentioned that the teachers were not appropriately trained and they lacked practical 
skills and therefore they were reluctant to teach laboratory lessons. The shortage of good quality 
science teachers was also identified as a major problem in improving science education in schools.  
Aturupane et al. (2011) identified that the majority of teachers and education authorities in this 
study valued competency-based teaching in science. However, some teachers stated that they felt 
they were compelled to follow the activities prescribed in the teacher’s instructional manual and 
they did not have any “freedom” to select the teaching practices best suited for the learning 
outcome. In addition to issues related to learning materials, the teachers mentioned several 
problems relating to term tests set by the school or the zone. For example, the teachers from 
bilingual schools reported that the English-medium questions in term tests were translated 
incorrectly. In the term tests set by the zonal staff, marks assigned to the question papers were at 
times different to those in the marking scheme. Another issue reported by the teachers and 
education authorities was that the attendance of Grade 13 students was poor in the second and third 
terms due to the attendance of the students at private tuition classes. The private tuition classes 
focused exclusively on preparing students for the GCE (A/L) exam.  
In two other studies of teachers’ teaching practices in science in Sri Lanka, Ekanayake and Wishart 
(2014, 2015) investigated secondary school science teachers’ use of mobile phones to enhance 
teaching and learning. In the 2014 study, a three-day professional development programme (PDP) 
was conducted with 18 secondary school science teachers. The teachers learned how they might 
employ the different functions and attributes of their mobile phone to enhance their science 
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teaching. During the Planning Workshop, the teachers were provided with hands-on training in the 
use of mobile phones. The teachers then selected four lessons (two lessons from Grade 11 and one 
lesson each for Grades 6 to 10) from the science curriculum where they thought mobile phones 
could be integrated. They then worked in four groups to develop lesson plans and teaching aids for 
a new version of each lesson. Following this workshop, each of the groups selected a volunteer 
teacher to implement the lesson that they developed in the workshop in their schools. After the 
lessons and in the Reviewing Workshop, the teachers shared their experiences with the other 
teachers and the whole group reflected on the use of the new technology in teaching. Throughout 
the workshops and the lesson implementation, data were collected using observation via video and 
audio recording. Written materials (teachers’ notes, researcher’s field notes) were also collected. 
Post-lesson interviews were conducted after each lesson with a few students following each lesson. 
These data were collated, transcribed, translated, and analysed using Thematic Network Analysis. 
Ekanayake and Wishart (2014) found that the teachers and students perceived that mobile phones 
enhanced students’ science learning in four ways: (i) by enabling teachers to bring the ‘outside 
world’ into the classroom; (ii) to relay instructions related to the experiments; (iii) to assess 
students’ learning; and (iv) to correct students’ misconceptions in science.  
In the second study, based on the same research study and published in 2015, Ekanayake and 
Wishart found that the PD supported the teachers in recognising the educational potential of mobile 
phones, in learning how to use them in science teaching and learning, in changing their attitudes 
towards the use of mobile phones in teaching, and in sharing knowledge and skills relating to 
mobile phone applications in science teaching and learning. The researchers also found that the 
teachers’ new learning assisted them to develop their students’ understanding of the concepts of 
science and the students’ engagement with science processes and skills such as observation and 
recording. Therefore, these two studies revealed the positive effects of professional development on 
these Sri Lankan secondary school teachers and the potential of mobile phone technology to change 
teachers’ practices and to provide their students with engaging learning opportunities in the science 
classroom. Despite these few studies of teaching practices in science in Sri Lanka, the current study 
investigated teachers’ practices that foster students’ science achievement and examined which of 
these practices are related to SRL in senior secondary science classrooms in Sri Lanka. 
1.7 Organisation of the Chapters 
This thesis is organised into 11 chapters. Chapter 1 presents the statement of the problem, the 
study’s aim and the research questions, and a description of the context of Sri Lanka where the 
study was conducted. This chapter also reviews the literature with respect to the studies of teaching 
practices in secondary school science in Sri Lanka. Chapter 2 provides a review of the literature 
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related to teaching practices that foster students’ science achievement, the relationship between 
SRL and students’ learning and achievement, overview of theories of SRL, brief overview of SRL 
models, and the literature related to in-service teacher’s knowledge, beliefs, and practices that 
promote students’ SRL. Chapter 3 outlines the methodology for Phase 1 of this study. It details the 
research design, the description of the research sites, the rationale for the selection of the sample, 
the participants, the settings, the instrument, the procedure for data collection, and data analysis. 
Chapter 4 describes the findings and discusses the findings of Phase 1 of the study. The method 
used in Phase 2 is presented in Chapter 5. Chapters 6 to 9 present the findings associated with the 
four teacher participants (Mr. Hiru, Mrs. Hima, Mr. Kuma, and Mrs. Malee) involved in Phase 2. 
Chapter 10 comprises the findings of the cross-case analysis and discusses these findings. Chapter 
11 comprises the discussion of the complete study, limitations of the study, implications for 
educational practice, the directions for future research, and the conclusion. 
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Chapter 2:   Review of the Literature 
As discussed in Chapter 1, Sri Lanka’s education system is undergoing important and challenging 
reforms with respect to teaching practices in general, but particularly in science. The policies and 
reforms related to teaching focus on improving students’ science achievement, and in doing so 
encourage teachers to use student-centred learning and build student autonomy. This review 
therefore discusses the literature related to these teaching practices.  
Chapter 2 comprises six sections. The first section discusses the literature related to teaching 
practices that foster students’ science achievement. The second section discusses the relationship 
between self-regulated learning (SRL) and students’ learning and achievement. The third section 
provides an overview of theories of SRL. Specifically, SRL from the perspective of social-cultural 
theory is reviewed. The fourth section provides a brief overview of SRL models. The fifth section 
reviews the literature related to in-service teacher’s knowledge, beliefs, and practices that promote 
students’ SRL. The sixth section is a summary. 
2.1 Studies of Teaching Practices that Foster Students’ Science Achievement  
This section describes a variety of teaching practices that teachers use to foster secondary school 
students’ science achievement. These practices are organised as: (i) constructivist and inquiry-based 
science teaching practices and (ii) teaching practices that motivate students’ science learning. 
2.1.1 Constructivist and inquiry-based science teaching practices. 
In recent years, there has been an increasing interest in fostering student engagement and science 
achievement by developing teachers’ practices (Kloser, 2014). “Teachers’ practices” have been 
defined as “routine activities teachers engage in devoted to planning, enactment, or reflection that 
are intended to support student learning” (Windschitl, Thompson, Braaten, & Stroupe, 2012, 
p. 882).  
A study conducted by Kloser (2014) identified a core set of teaching practices that were thought to 
be helpful for US secondary school teachers in science. Kloser (2014) used Delphi methodology 
and selected a panel of 25 expert science stakeholders including science education researchers, 
teacher educators, scientists, and high school science teachers to investigate core science teaching 
practices associated with high school science education. The researcher conducted three surveys 
with the panel across three rounds, before identifying nine core practices. The panel believed these 
practices would help teachers to assist students to achieve the current goals established by the 
Framework for K-12 science education. The goals and practices are described next.  
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In engaging students in investigations the teacher provides opportunities for students to investigate 
phenomena and engage in science practices. These practices include: posing questions; collecting 
and analyzing data; arguing from evidence; building explanations; and communicating ideas about 
the claims and evidence tied to the investigation. In facilitating classroom discourse the teacher 
creates opportunities for students to engage in science-related talk with the teacher and among 
peers. The teacher: provides opportunities for small group and whole class discussion; facilitates 
students’ sharing of evidence-and/or model-based explanations and arguments; and encourages 
students to take up, clarify, and justify the ideas of others. In eliciting, assessing, and using student 
thinking about science the teacher probes students’ thinking using a variety of assessment practices 
and uses the information to guide future instruction. The teacher provides specific verbal and/or 
written feedback and gives opportunities for peer or self-reflection/evaluation on students’ 
understanding and/or use of science.  
In constructing and interpreting models the teacher provides opportunities for students to interpret, 
construct, test, revise, and use scientific models that help them to develop explanations about 
natural phenomena. The teacher uses a variety of models (e.g., physical, analogical, abstract) and 
practices that help students to devise, revise, and use the models for the development of evidence-
based explanations. In connecting science concepts to students’ everyday experiences the teacher 
engages students in discussions or activities that integrate the important scientific accounts and 
practices into students’ daily lives and the world around them. In linking science concepts to 
phenomena the teacher engages students with real-world phenomena and organisms through 
demonstrations, hands-on activities, laboratory investigations, and provides multiple opportunities 
for the students to develop scientific understandings. In focusing on core science ideas and 
practices the teacher provides instruction, activities, and assessments that connect and focus on core 
scientific ideas to help students to develop deep understandings across disciplines. In building a 
classroom community the teacher creates and maintains a safe and collaborative learning 
community both in the classroom and the laboratory, where the students work together to achieve 
common learning goals.  
In the past three decades, science education reforms in many countries have shifted the focus from 
teacher-centred instructional practices to student-centred instructional practices (Areepattamannil, 
Freeman, & Klinger, 2011). The traditional teacher-centred instruction focuses on the transmission 
of didactic facts, while the student-centred instruction aims to develop students’ critical thinking 
and problem-solving skills (Areepattamannil et al., 2011). In student-centred instruction, learning 
science is active and a socially constructive process which involves scientific inquiry, dialogic 
interactions, and hands-on activities (Areepattamannil et al., 2011).  
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Since the 1980s a large number of science researchers have focused on constructivism (Bächtold, 
2013). Several of these researchers (e.g., Baviskar, Hartle, & Whitney, 2009; Loyens & Gijbels, 
2008) have viewed it as a theory of learning, while others (e.g, Bächtold, 2013; Liu, & Zhang, 
2014) have viewed it as a theory of teaching. In constructivism, knowledge is not passively received 
from the teacher by learners but is actively constructed by them and the teacher acts as a facilitator 
of learning (Savasci & Berlin, 2012). When viewed as a theory of teaching there are two main steps 
according to Bächtold (2013). These involve: (1) eliciting students’ prior conceptions on the topic 
being taught; and (2) creating cognitive conflict in students’ minds that confronts their prior 
conceptions with new phenomena, with the conceptions of other children, or with new knowledge.  
Irrespective of whether the constructivist theory is viewed as a theory of learning or a theory of 
teaching, the teacher plays an important role in promoting student-centred learning.  
Teachers’ use of teacher-centred and student-centred instructional practices has been investigated in 
a study conducted by Wahyudi and Treagust (2004). The researchers investigated the nature of 
science teaching practices in 11 Indonesian rural secondary (Grade 9) school science teachers’ 
classrooms. The teachers agreed to allow the researchers to observe one of their science classrooms 
for two periods. Students in these teachers’ classrooms responded to the Classroom Learning 
Environment Questionnaire (Aldridge, Fraser, & Huang, 1999). Two of these 11 teachers (Teachers 
A and B) agreed to being observed by the researchers in their classrooms for 12 weeks. Wahyudi 
and Treagust (2004) found that most of the teaching practices in these science classrooms were 
teacher-centred with students predominantly copying notes. However, the researchers found that 
Teacher A’s teaching practice was “exemplary”. Teacher A used a combination of student-centred 
and teacher-centred practices. Four of the teaching practices were identified by the researchers. 
They were that the teacher: (i) managed the classroom effectively; (ii) used a variety of questioning 
techniques; (iii) employed various teaching approaches instead of the traditional methods of “chalk-
and-talk”; and (iv) created a favourable learning environment with respect to developing social 
interactions in the classroom (i.e., teacher-students, student-student).  
With respect to effective classroom management, Teacher A formed students into groups based on 
their academic ability and sometimes their preferences. He used interesting and challenging 
academic tasks in the observed science experiments, while Teacher B tended to utilise traditional 
teaching methods only. With respect to the questioning techniques, Teacher A used techniques to 
foster the students’ thinking and check their understanding (i.e., “What do you think?”, ‘”Why?”, 
“How?”, and “Can you explain to us?”). Teacher B tended to employ a single questioning technique 
with short, closed questions. The questions involved recalling facts that had been rote learnt. 
Teacher A used a range of teaching practices (questioning, lecturing, problem-solving). Teacher A 
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also sometimes used a computer to develop students’ science knowledge about abstract concepts 
and interests. In relation to creating a favourable learning environment, Teacher A developed 
student-student relationships, provided teacher support to the students, created greater involvement 
during teaching and learning activities, and assisted students to develop cooperation with peers, 
while Teacher B did not create such a favourable learning environment. The findings of the 
Indonesian study indicated that the secondary school science classrooms were dominated by 
teacher-centred learning approaches, however, Teacher A did show that it was possible to use both 
teacher-centred and learner-centred approaches. Similar findings regarding an emphasis on teacher-
centred teaching were found in Nargund-Joshi, Rogers, and Akerson’s (2011) study with secondary 
school science teachers in India.  
Nargund-Joshi et al. (2011) investigated two Indian secondary school science teachers’ teaching 
orientations and how they were reflected in their practices. The researchers used a case study 
research design. The science teachers’ classroom practices were observed over 8 weeks. Data were 
collected from semi-structured interviews, classroom observations, field notes, and various artefacts 
such as the National Curriculum Framework (NCF-2005) and documents developed by the teachers 
and students during the lessons with respect to their findings. Nargund-Joshi et al. (2011) believed 
that the teachers’ orientations for teaching science aligned with the NCF-2005 goals, however, they 
identified a mismatch between the teachers’ orientations and their actual classroom practices. 
Nargund-Joshi et al. (2011) found that although the teachers had an understanding about the goals 
of the reforms (i.e., developing students’ process skills, the importance of practical experiments, 
and developing positive attitudes toward inquiry-based science), they employed direct instruction 
and rote memorization in their lessons. These teachers focused much of their work with the students 
on posing factual questions and they expected specific answers from them. The teachers did not 
connect the science concepts learned in the classroom with the topics completed in the laboratory. 
The teachers themselves believed that they had to teach science in a very “didactic” manner rather 
than using inquiry-based science teaching practices which were suggested by the reforms. The 
researchers believed that the teachers faced many obstacles related to social and contextual factors 
such as large class size, limited time to complete the syllabus content, and exam-oriented teaching 
and learning. The study indicated that although the teachers valued the importance of inquiry-based 
science teaching practices, they tended to employ teacher-centred practices because of the 
challenges they faced. 
Research has indicated a relationship between secondary school science teachers’ conceptions of 
teaching and their classroom practices. Taylor and Booth (2015) selected eight South African 
secondary school physics teachers to participate in the study on exploring their conceptions of 
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science teaching. The eight participants had participated in teaching taking a learner-centred 
approach in their four-year teacher education programme at a university, but they were appointed to 
schools where a knowledge transmission-oriented approach to teaching was employed. After the 
teachers had taught for a few years (2 to 6 years), Taylor and Booth (2015) conducted interviews to 
explore their conceptions of science teaching. Four conceptions of science teaching amongst the 
teachers were identified by the researchers. These were: (i) transferring science knowledge from 
hand to hand (through the teacher’s notes); (ii) transferring problematic science knowledge from 
mind to mind (science knowledge always passes through the teacher’s mind); (iii) creating space for 
learning science knowledge; and (iv) creating space for learning problematic science knowledge.  
In relation to the first conception, the teachers believed science knowledge was a given object that 
the teacher handed over to students and the students’ role was to receive the knowledge. The 
teachers valued also various media, including textbooks, and the Internet as carriers of the 
knowledge to be handed over. In the second conception, science knowledge was seen as a 
problematic object with the teacher’s role being to help students to understand difficult concepts. 
The role of the teacher was to grapple with the science knowledge before it was presented in the 
lesson. In the third conception, the teachers believed that their role was to create a space where 
students could encounter scientific knowledge through a variety of activities such as science 
museum visits. In this view, the students’ role was to explore, ask questions and play. In the fourth 
conception, the teachers believed that they needed to create space and facilitate students’ learning in 
order to help students to construct their science knowledge. The practices teachers thought should 
be used in this space involved hands-on activities (e.g., use of apparatus). Overall, evidence from 
these previous studies (e.g., Nargund-Joshi et al., 2011; Taylor & Booth, 2015) suggest that the 
teachers’ beliefs/perceptions, and the contextual factors are key influential factors that affect their 
teaching practices. 
Inquiry-based science is a set of teaching practices that help students to develop their scientific 
understandings of concepts and procedures (Haug, 2014). One of the earliest definitions of inquiry-
based science was that of the US National Research Council who described it as:  
…a multifaceted activity that involves making observations; posing questions; examining books and 
other sources of information to see what is already known; planning investigations; reviewing what 
is already known in light of experimental evidence; using tools to gather, analyze, and interpret data; 
proposing answers, explanations, and predictions; and communicating the results. Inquiry requires 
identification of assumptions, use of critical and logical thinking, and consideration of alternative 
explanations (US National Research Council, 1996, p. 23) 
 
Abd-El-Khalick et al. (2004) explained the difference between inquiry as “means” and “ends”. 
“Inquiry as means” (or inquiry in science) refers to inquiry as an instructional approach intended to 
help students develop understandings of science content (i.e., content serves as an end or 
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instructional outcome). “Inquiry as ends” (or inquiry about science) refers to inquiry as an 
instructional outcome” (p. 398). According to Abd-El-Khalick et al. (2004), students engage in 
scientific inquiry to develop their knowledge in science and develop relevant inquiry skills (e.g., 
identifying problems, generating research questions, designing and conducting investigations, and 
formulating, communicating, and defending hypotheses). 
In inquiry learning, students are encouraged to work cooperatively to generate their own 
hypotheses, to construct their own working theories, to critically evaluate and assess the different 
conceptions generated, and to search for new scientific information and knowledge (Veermans, 
Lallimo, & Hakkarainen, 2005). During inquiry-based science, students are required to “investigate 
topics, consider alternative propositions and hypotheses, and problem-solve together to propose 
answers, explanations, and prediction to problems at hand” (Gillies, Nichols, Burgh, & Haynes, 
2014, p. 127). According to Haug (2014), science inquiry involves students searching for evidence 
in order to make and revise explanations based on the evidence found and through critical and 
logical thinking.  
These teaching practices emphasise helping students to become active participants in the learning 
process. This is done by engaging students in practical activities (Mansour, 2013) and promoting 
student-centred learning (SCL) by encouraging students to participate in group discussion, sharing 
knowledge, asking exploratory questions, reflection, self-monitoring, and self-direction 
(Mugaloglu, 2014). Discussion, inquiry, and collaboration are highly valued constructivist practices 
in science learning (Fazio & Volante, 2011; Mansour, 2013; Mugaloglu, 2014). Therefore, many 
countries, including Sri Lanka, have proposed a shift from traditional transmission teaching 
practices to constructivist transformational teaching practices (i.e., from a didactic stance to a 
dialectic stance) (Fazio & Volante, 2011). The role of the teacher in constructivist classrooms is to 
act as a facilitator who fosters and supports students’ learning by providing them with authentic and 
meaningful activities (Kingir et al., 2013). As indicated in Chapter 1, the 5E instructional model has 
often been suggested as one way of promoting constructivist teaching practices and has often been 
used in inquiry-based science teaching and learning (Qablan & DeBaz, 2014). In line with global 
education trends which focus on SCL and the teacher as a facilitator, the Sri Lankan government 
has promoted the use of the 5E instructional model in the teaching and learning of science (NIE, 
2007).  
2.1.1.1 Hands-on activities.  
Hands-on activities (e.g., science laboratory experiments) have been identified as a practice that can 
be used in inquiry-based teaching (Areepattamannil et al., 2011). Previous studies have suggested 
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that hands-on science activities have the potential to enhance high school students’ higher order 
learning skills such as metacognition and argumentation (Kaberman & Dori, 2009; Kim & Tan, 
2013). In Kim and Tan’s (2013) study, hands-on experiences through fieldwork were used to 
develop Singaporean secondary school students’ problem-solving. Kim and Tan (2013) used two 
strategic approaches to support students’ knowledge integration and collaboration in an 
environmental problem-solving process. The approaches focused on the structure of the task and the 
dynamics of group member interactions. The researchers employed a Jigsaw-like approach (a 
collaborative learning tool where all group members participated in order to achieve common 
goals). Students in this study worked on six research topics to understand the characteristics of an 
organic farm and to create a plan for building an ecological village. According to the researchers, 
during the study, the students needed to integrate knowledge, encountered the challenges of 
knowledge sharing and communication, and learned how to cope with difficulties related to 
decision-making and communicating in the groups. Kim and Tan (2013) concluded that when 
students are involved in problem-solving tasks related to socio-scientific and environmental issues, 
they learn both cognitively and socially to collaborate and participate in decision-making as well as 
to develop responsibility as learners and problem-solvers.  
2.1.1.2 Dialogic/discourse-based practices.  
Dialogic/discourse-based practices have been widely used in a variety of forms such as classroom 
discussions to promote students’ science achievement and social interaction. In dialogic 
interactions, the teacher facilitates student discussions, identifies the features of an argument, 
models the argument for students, encourages students to take a position, defends it with evidence-
based arguments, and evaluates and generates appropriate counter arguments (Osborne, Simon, 
Christodoulou, Howell-Richardson, & Richardson, 2013). Research shows that teaching practices 
that incorporate dialogic interactions promote student engagement and foster students’ science 
achievement (Areepattamannil et al., 2011; Osborne et al., 2013).  
The literature describing teaching practices that foster students’ science achievement presented here 
have centred on those associated with constructivist and inquiry-based teaching. Amongst the 
studies discussed there was no published research in relation to Sri Lankan senior secondary school 
science teachers’ practices and whether or not they employed practices to foster their students’ 
achievement. 
The next section describes a variety of teaching practices that motivate students’ science learning.  
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2.1.2 Teaching practices that motivate students’ science learning.  
In this section, different practices that motivate students’ science learning such as teacher’s personal 
characteristics and a variety of teaching practices, including fieldtrips are described. 
Several researchers have highlighted a range of practices that foster students’ motivation in science 
(Logan & Skamp, 2013; Pickens & Eick, 2009). Pickens and Eick (2009) employed a case study 
design to investigate US teachers’ and high school students’ (Grades 10-12) perspectives on the 
motivation of high school students in differently tracked science courses. Two highly motivational 
teachers (Mr. Benson and Mrs. Hatch), identified by the researchers, participated in interviews, 
classroom observations, and focus-group interviews. In addition, the researchers conducted a survey 
with the students to explore their views on these teachers’ practices in their science classrooms. The 
researchers compared the motivational strategies that these two teachers used with their differently 
tracked students in science classrooms. Effective strategies in the higher tracked classroom included 
incorporating enthusiasm into presentations, promoting a non-threatening class atmosphere, and 
connecting the adolescent world to science. In the lower tracked classrooms, effective strategies 
included encouraging dialogue, using practical applications, building self-confidence, and using 
hands-on inquiry activities.  
Pickens and Eick (2009) triangulated the data sources and identified four major themes related to 
each teacher. In Mr. Benson’s biology class, the researchers identified four themes. These were: (i) 
teacher enthusiasm; (ii) classroom environment; (iii) storytelling; and (iv) connections to popular 
media. Mr. Benson demonstrated enthusiasm during lesson presentations and created a non-
threatening classroom environment which allowed students to expand their learning by asking 
questions without fear or ridicule. He sparked students’ interests by frequently using relevant stories 
related to science and connecting his lessons to everyday events. With respect to the students’ 
survey results, the majority of the students (86%) in Mr. Benson’s classroom believed that teacher 
enthusiasm and classroom environment had a great influence on their motivation to learn science. 
With respect to Mrs. Hatch’s physics lessons, the researchers identified four major themes. These 
included: (i) student dialogue; (ii) practical applications of the lessons; (iii) student self-confidence; 
and (iv) scientific inquiry. In Mrs. Hatch’s classroom, she encouraged student–student classroom 
interactions through cooperative activities. She systematically gathered background information on 
her students and integrated it into the subject matter. Mrs. Hatch questioned her students to gain 
insight into their world and then provided them with relevant examples linked to the lesson. She 
also built students’ confidence by clearly communicating her high expectations to the class and 
creating an environment of care, support, and positive expectations. The student survey results also 
revealed that the majority of the students (89%) in Mrs. Hatch’s classroom responded that they 
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could learn better in groups and 56% of the students in her class agreed that making the lesson 
relate to student interests was a very important motivator to learn science. 
In another study, Logan and Skamp (2013) examined the changes in the interests in science of 14 
Australian students as they moved through junior secondary school into Year 10. They also 
examined the students’ views of the teachers’ practices. A variety of data were collected such as 
interviews and open-ended surveys, classroom observations, student work samples, and a researcher 
diary. Logan and Skamp (2013) found that the teachers’ pedagogies (i.e., conducting experiments, 
using PowerPoint presentations, creating videos to teach science theories and concepts) and 
personal characteristics (i.e., humour, ‘easy-going’ nature) developed the students’ science interests. 
According to Logan and Skamp (2013), students enjoyed science when the teachers gave clear 
instructions and explanations, used practical science experiments, held class discussions, and 
discussed socio-scientific issues relevant to science. The students reported that they liked to learn 
science through out-of-school learning experiences such as attending engineering workshops and 
environmental sustainability camps. However, the students said they were not interested in science 
when they had to take extensive notes, when the information was repeated, or when the teacher 
rushed through the content. Logan and Skamp (2013) found that the teachers’ enthusiasm for 
teaching science, having good relationships with the students, the use of humour to develop rapport, 
having enjoyable lessons, and a relaxed atmosphere developed the students’ science interests. 
Overall, these results indicated that the teachers’ teaching practices as well as their personality 
characteristics were associated with the students’ interests and motivation in science. 
In Areepattamannil et al.’s (2011) study, they investigated the influence of students’ motivation to 
learn science, the students’ motivational beliefs, and the teachers’ instructional practices on 15-
year-old Canadian students’ science achievement in 431 schools. The results of the study indicated 
that the majority of the variance in science achievement was due to student-level factors (i.e., 
gender, highest parental occupational status). The school-level demographic variables (i.e., location, 
size of the school) had no significant meaningful impact on science achievement. Areepattamannil 
et al. (2011) compared school-level factors with student-level factors and found that student-level 
factors were the best predictors of science achievement in these students.  
The researchers also found that the students’ intrinsic motivation (i.e., enjoyment of science) had a 
considerable effect on their science achievement. In contrast, the students’ extrinsic motivation to 
learn science (i.e., instrumental and future-oriented motivation) had no effect on their science 
achievement. The students who reported higher levels of enjoyment of science had higher science 
achievement than those who reported lower levels of enjoyment of science. Areepattamannil et al. 
(2011) also found that the students’ motivational beliefs, self-efficacy, and self-concept had a 
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significant effect on their science achievement. When compared to the other student-level 
predictors, self-efficacy and self-concept in science had very strong and positive relationships with 
science achievement. The research showed that students with higher levels of confidence in 
performing science-related tasks and with a more positive perception of their ability to learn science 
tended to have higher achievement in science.  
A recent study conducted by Hagay and Baram-Tsabari (2015) examined how five Israeli high 
school science teachers incorporated students’ questions into the science curriculum as a way to 
reduce the disparity between students’ interests and the curricular requirements. The teachers 
invited their students to anonymously write down questions on the topics that they wanted to learn 
next and hand them to the teachers. Then, the teachers mapped the questions onto the required 
curriculum and planned their teaching so they could be addressed. At the end of the study, the 
researchers found that the teachers incorporated the students’ questions into the curriculum and this 
created a meaningful and supportive social connection between students and teachers. The students 
developed their self-confidence, autonomy, and linked their experiences with the content taught in 
the classrooms.  
There is also extensive literature published on the use of fieldtrips as a teaching practice to promote 
students’ science interests (Dohn, 2013; Faria, Pereira, & Chagas, 2012). For instance, in the 
secondary school context, Dohn (2013) investigated how situational factors influenced upper 
secondary Danish students’ interests during a fieldtrip to a zoo. In this study, the students 
participated in pre-trip preparation activities provided by their teacher and engaged in fieldtrip 
laboratory work as post-trip classroom activities. At the end of the activities and as an outcome of 
the investigation, the researcher reported that the fieldtrip promoted students’ science interests by 
engaging the students in a range of hands-on experiences. The students also valued the social 
involvement in the form of group work. The students were encouraged to talk to one another about 
subject-related concerns and ideas. Students in Dohn’s (2013) study reported that the post-trip 
classroom laboratory activities prompted their science interests by creating a cladogram (‘fish 
evolutionary tree’) based on molecular masses of the extracted proteins. Taken together, it seems 
that the fieldtrip in this study provided a variety of opportunities for the students to develop their 
scientific knowledge, motivation, and positive attitudes towards science. 
To this point, the literature review chapter has discussesd several practices that foster secondary 
school students’science achievement. Most of these science teaching practices have been associated 
with constructivist and inquiry-based approaches. A closer examination of these practices suggests 
that there are several issues and concerns with respect to secondary school science teachers’ 
practices such as the lack of knowledge in using inquiry-based and student-centred teaching 
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approaches. The literature review chapter has also shown there are very few studies about Sri 
Lanka’s secondary school teachers’ science teaching practices. However, a few studies have 
emerged (e.g., Aturupane et al., 201l; Ekanayake & Wishart, 2014; 2015) that demonstrate a focus 
on the importance of this topic in Sri Lanka, and Aturupane et al.’s (201l) study is important with 
respect to the present research. 
2.2 SRL and Students’ Learning and Achievement 
As indicated in the literature reviewed in the previous sections, many of the science teaching 
practices that foster achievement (that is, their understanding, knowledge and skills), and motivate 
students’ learning are linked to student-centred learning. One aspect of student-centred learning is 
the development of student autonomy. In turn, the development of student autonomy has often been 
associated with self-regulated learning (SRL).  
A growing body of literature highlights the importance of SRL in different academic domains 
including science, mathematics, and technology (Alexander, Dinsmore, Parkinson, & Winters, 
2011). Early on, Zimmerman (2000) defined SRL as “the self-generated thoughts, feelings, and 
actions that are planned and cyclically adapted to the attainment of personal goals” (p. 14). 
Similarly, Pintrich (2000) has defined SRL as “an active, constructive process whereby learners set 
goals for their learning and then attempt to monitor, regulate, and control their cognition, 
motivation, and behavior, guided and constrained by their goals and the contextual features in the 
environment” (p. 453). These researchers argue that SRL is the attainment of goals and the 
attainment of these goals involves activating and sustaining cognitive, metacognitive, and affective 
processes, and behaviours. As discussed in Chapter 1, Zimmerman and Kitsantas (2014) define SRL 
as the “processes that learners use to activate and maintain cognitions, emotions, and behaviours to 
attain personal goals” (p.145). It is this definition that is used in this thesis.  
According to Zimmerman (2008), SRL is a proactive process that students use to acquire academic 
skills (e.g., setting goals, selecting and deploying strategies, and self-monitoring one’s 
effectiveness), rather than a reactive event that happens to students through passive learning. 
Although SRL has been viewed as important during personally-directed forms of learning, it has 
also been deemed important in social forms of learning, such as working in groups and seeking help 
from peers, parents, and teachers (Zimmerman, 2008). Research has also highlighted that students’ 
SRL is important with respect to achieving academically and developing lifelong skills, and through 
these processes enhancing one’s career choices (Zimmerman & Kitsantas, 2014). 
An overview of theories of SRL is provided in the next section. In particular, SRL will be discussed 
from the perspective of social-cultural theory. 
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2.3 Overview of Theories of Self-Regulated Learning  
Many theories have been developed in relation to self-regulated learning. These theories include 
information processing theory, social cognitive theory, volitional theory, cognitive constructivist 
theory, self-determination theory, achievement goal theory, and expectancy-value theory. These 
particular theories explain the development of SRL from the perspective of the individual 
(Karabenick & Zusho, 2015; Zimmerman, 2001). However, there are theories associated with SRL 
that reflect an understanding of cognition and learning from a social and cultural perspective. 
Drawing on the work of Vygotsky (1978), social-cultural theory (SCT) suggests that an individual’s 
cognitive and emotional development is influenced by their environment and by significant people 
in the environment. With respect to science learning and achievement in a school setting such 
people include a student’s peers and their teachers. 
2.3.1 Self-regulated learning from the perspective of social-cultural theory. 
Vygotsky (1978) describes the understanding of human cognition and learning as a social and 
cultural phenomenon rather than an individual phenomenon. According to Vygotsky (1978), 
learners are born with a wide range of perceptual, attentional, and memory capacities. These are 
changed in the context of socialisation and education (McInerney, 2011). Social-cultural theory 
views “individuals and their cognitive and emotional development as constituting and constituted 
by their social milieu” (Swain & Deters, 2007, p. 823). Social milieu refers to the “social influences 
from the immediate environment and it is usually operationalised as the perceived influence of 
significant others, such as parents, family, and friends” (Csizér & Dörnyei, 2005, p. 22).  
Vygotsky (1978) believed that people and their cultural environments constituted an interactive 
social system (Schunk, 2012). The learners’ behaviours depend on both the context and the tools 
(language, signs, and symbols) that are used to describe their actions. Through their 
communications and actions, people in learning environments are taught the tools (language, 
symbols) they need to develop competence (Schunk, 2012). Using these tools within the system, 
learners develop higher-order cognitive functions (e.g., critical thinking, problem-solving skills). In 
the Vygotskian view, SRL includes the coordination of mental processes (memory, planning, and 
evaluation). These processes do not operate independently of the context in which they are formed. 
“Self-regulatory processes of an individual reflect those that are valued and taught within the 
person’s culture” (Schunk, 2012, p. 428). 
Social-cultural theory (Vygotsky, 1978) assumes that students participate in multiple social, cultural, 
and institutional environments such as the family, school, and community (Ozdemir, 2011). These 
contexts are central to framing and influencing students’ SRL (Grau & Whitebread, 2012). 
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Socialisation agents such as teachers in the environment of the school and classroom influence 
students’ learning and behaviour (Schunk & Zimmerman, 2007). For example, teachers assist 
students to set their learning goals for academic success. Within schools, students internalise the 
goals, values, knowledge, and strategies that promote SRL. In classrooms, SRL is promoted 
through social interactions with the teacher and peers and through the use of cultural or mediational 
tools (e.g., speech, symbol systems, and representations).  
Teachers may create independent and collaborative tasks to foster students’ SRL (DiDonato, 2013; 
Hadwin, Järvelä, & Miller, 2011; Sasić & Sorić, 2011). Individuals’ interactions in a social context 
are also important to foster students’ learning. DiDonato (2013) emphasised the importance of 
social interactions that facilitate students’ development of SRL and co-regulated learning. SRL 
develops through dynamic social interactions between teachers and students (DiDonato, 2013). 
Social interactions between teachers and students are important in developing SRL (Sasić & Sorić, 
2011). Researchers have examined the importance of not only teacher-student interactions but also 
student-student interactions (e.g., Hadwin et al., 2011). Independent and collaborative tasks also 
provide opportunities to develop students’ cognitive and metacognitive skills. For example, 
cognitive skills such as attention and memory, and metacognitive skills such as using strategies or 
monitoring thinking can be promoted by collaborative tasks that promote social interaction amongst 
peers. Such tasks might involve peers working together in groups to solve a problem. Through 
discussion and the building of arguments individual students begin to develop their knowledge (for 
example, in science) and regulate their learning.  
Social and cultural contexts are central in framing and influencing students’ SRL (McInerney, 2008; 
2011; Schunk & Zimmerman, 2007). McInerney (2008) believed that culture is embedded within 
SRL and self-regulatory behaviour. Cultural values and beliefs may have an impact on the 
development of SRL in the different cultural contexts.  McInerney (2011) asserted that although the 
nuances of what comprises appropriate and effective self-regulatory behaviour vary from cultural 
context to cultural context, many important elements of SRL theory seem to have universal 
application. Teachers need to be familiar with the social contexts of each student to foster their 
learning (McInerney & McInerney, 2010).  
The current study investigated the practices used to teach science in senior secondary school 
teachers in Sri Lanka. It is important to consider the cultural and school context of Sri Lanka and 
their influence on teachers’ practices in this study. The next section provides a brief overview of 
SRL models. 
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2.4 Overview of Self-Regulated Learning Models  
In order to develop an understanding of teachers’ practices that have been investigated and/or 
promoted to develop self-regulation, a search of the literature was undertaken to locate models or 
frameworks consistent with social-cultural theory. Researchers have developed different models of 
SRL in various educational settings (e.g., Boekaerts, 1997, 1999; Butler & Winne, 1995; Efklides, 
2011; Miller & Brickman, 2004; Muis, 2007; Perels, Gurtler, & Schmitz, 2005; Pintrich, 2000, 
2004; Pintrich & Zusho, 2007; Winne & Hadwin, 1998; Zimmerman, 2000, 2004; and Zusho & 
Edwards, 2011). While the various models of SRL emphasise different aspects or components of 
self-regulation, researchers have identified several common assumptions among the models. 
According to Alexander et al. (2011), one assumption is that SRL can be constrained or facilitated 
by intra-individual factors (e.g., human biological development and beliefs) and extra-individual 
influences (e.g., context). Another assumption of most of the SRL models is that SR activities are 
mediators between personal and contextual characteristics and actual achievement or performance 
(Pintrich, 2000; Zimmerman, 2001). Vrieling Bastiaens, and Stijnen’s (2010) model illustrates not 
only a person’s intra-individual factors (i.e., cognition, motivation, beliefs) that influence the 
development of SRL but also the extra-individual influences (i.e., school context and culture). 
Vrieling et al.’s (2010) model will be described in detail in Chapter 5. 
2.5 In-service Teacher’s Knowledge, Beliefs, and Practices that Promote 
Students’ SRL  
“Teachers’ knowledge” has been identified as complex and multi-faceted (Adoniou, 2015; Shulman, 
1986).  Shulman (1986) proposed several categories of teacher content knowledge: (a) subject 
matter content knowledge (e.g., organization of knowledge); (b) pedagogical content knowledge 
(e.g., subject matter knowledge for teaching); and (c) curricular knowledge (e.g., a variety of 
instructional materials available in relation to programmes). Adoniou (2015) has referred to some 
other forms of teacher knowledge such as knowledge about learners, knowledge about the school 
context, and knowledge about the sociocultural politics of teaching.  
The term ‘‘beliefs’’ has been defined in the literature in a variety of ways. Pajares (1992) defined 
belief as an ‘‘individual’s judgment of the truth or falsity of a proposition, a judgment that can only 
be inferred from a collective understanding of what human beings say, intend, and do’’ (p. 316). 
Haney, Lumpe, and Czerniak (2003) defined beliefs about teaching and learning as ‘‘one’s 
convictions, philosophy, tenets, or opinions about teaching and learning’’ (p. 367). Teachers’ 
beliefs have been identified as being complex, stable (Pajares, 1992) and context dependent 
(Mansour, 2009). The complex nature of beliefs has been seen as hard to quantify (Pajares, 1992). 
or correct. 
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Teachers’ beliefs play a significant role in the framing of teaching practices in science (Mansour, 
2009; Pimentel & McNeill, 2013). There have been numerous studies about how teachers’ beliefs 
influence their teaching practices, as well as their willingness to adopt curriculum changes 
(Mansour, 2009; Pimentel & McNeill, 2013). In the present study beliefs were associated with 
science teachers’ views about teaching practices that foster students’ science achievement.  
Researchers have highlighted the relationship between individual’s knowledge and beliefs. As 
Pajares (1992) explained teachers’ beliefs play a major role in their decision-making about the 
curriculum and instructional tasks. Therefore, authors such as Savasci and Berlin (2012) have 
argued that there is a need for a closer examination and direct study of the relationship between 
teacher’s knowledge, beliefs, and their classroom practices  
Parjares (1992) recognized the overlap between teachers’ beliefs and knowledge. Knowledge is said 
to be more malleable than beliefs, yet there is good evidence that both can be altered (Parjares 
1992). As Pajares (1992) concluded, “knowledge and beliefs are inextricably intertwined, but the 
potent affective, evaluative, and episodic nature of beliefs makes them a filter through which new 
phenomena are interpreted” (p. 325).  
There are a number of studies that have examined the relationship between the teachers’ 
knowledge, beliefs, and practices that promote SRL in their classrooms. Dignath and van der Werf 
(2012) examined 47 Dutch primary school teachers’ knowledge and beliefs about promoting SRL in 
their classrooms (whether and how they used practices that promote SRL). The teacher beliefs, 
knowledge, and behaviour were assessed based on questionnaires. With respect to the teachers’ 
knowledge of SRL, the researchers found that most teachers (31 out of 40) in their study mentioned 
the aspects of “student autonomy environments” (e.g., choice of task, learning according to the 
students’ own speed and rhythm), while nine teachers mentioned strategy instruction. However, the 
teachers did not refer to the characteristics of both student autonomy and learning strategy 
instruction in fostering students’ SRL. In the study, when asked whether and how the teachers 
designed learning environments to foster students’ SRL, 26 out of 38 teachers mentioned that they 
endeavoured to foster student autonomy by using practices such as discovery learning and 
cooperative learning. Five teachers stated that they used learning strategies instruction (e.g., 
teaching students how to plan their learning), while seven teachers reported that they did not 
promote SRL. The study highlighted a mismatch between what the teachers “said” versus what they 
“did” (practices) in their classrooms.  
In contrast, Spruce and Bol’s (2015) study investigated the knowledge and beliefs about the 
classroom practices of SRL of ten US elementary and middle school teachers. The researchers 
employed multiple data collection instruments including questionaries, interviews, and classroom 
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observations of science, mathematics, language, social studies, and music teachers’ classrooms. 
Spruce and Bol (2015) assessed teachers’ beliefs about implementing SRL in their classrooms by 
administering a questionnaire. The teachers’ knowledge and application of SRL were assessed 
using qualitative interviews. In addition, the researchers employed classroom observations that 
listed 18 observable behaviours that the teachers might perform to facilitate students’ development 
of SRL (i.e., planning, monitoring, and evaluating). Teacher actions were rated on the observation 
scale according to their frequency of SRL prompting/activities and whether or not students were 
given the opportunity to practice these actions.  
The findings showed that the teachers held positive beliefs about the role of SRL in their 
classrooms. The researchers found that the teachers’ knowledge of SRL and its application in the 
classroom were generally low and identified gaps in the teachers’ knowledge (particularly goal 
setting for a task and evaluation after a learning event). As Spruce and Bol (2015) observed, the 
teachers most frequently encouraged SRL behaviours during lessons (i.e., in the monitoring phase 
of learning) with the teachers being able to explain how to encourage student practice of 
metacognition in this phase. However, the researchers observed that the teachers demonstrated 
fewer SRL practices in the planning (e.g., lesson set-up) and evaluation (e.g., conclusion) phases of 
the learning events.  
Planning involved both goal setting and strategies for planning a learning event. Most of the 
teachers set goals for their own learning (based on information they wanted to acquire, or as part of 
a course towards professional growth or certification). However, they were not able to provide 
details about what goal-setting specifically involved. According to Spruce and Bol’s (2015) 
classroom observations, teachers’ practices to encourage planning and goal setting (before a 
learning task, and subsequent evaluation after a task) were less frequent than for monitoring. They 
observed that most teachers set a class objective to begin a class meeting or learning event and 
some of the teachers presented this information orally to students, while others listed the agenda for 
the class or learning activity on the board. However, based on the researchers’ observations, the 
teachers did not encourage students to set their own goals for the class or learning event and instead 
relied on teacher-generated goals. Spruce and Bol’s (2015) study is particularly important in helping 
to understand how teachers’ beliefs and knowledge are translated into SRL practices. Together, 
these studies indicate that all of the teachers in Dignath and van der Werf’s (2012) study had more 
positive beliefs towards constructivist learning than towards SRL and in Spruce and Bol’s (2015) 
study, the teachers had positive beliefs about the role of SRL in their classrooms. 
Oolbekkink-Marchand, van Driel, and Verloop (2006) investigated similarities and differences in 
perspectives of teaching and learning of 16 upper secondary and 20 university teachers in the 
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Netherlands. The secondary school teachers taught chemistry, physics, mathematics, biology, Dutch 
language, English language, German language, French language, classics history, economics, and 
geography. The university teachers taught chemistry, physics, mathematics, biology, medicine, 
Dutch language and literature, French language and literature, German language and literature, 
history, economics, architecture, law, psychology, and education. Oolbekkink and colleagues 
presented a variety of metaphors about teaching and learning to the participants during the interview 
and asked them to share with the researchers their thoughts about these metaphors. Oolbekkink et 
al. selected teaching metaphors (i.e., “What does your ideal educational practice look like?”) and 
learning metaphors (i.e., “What is the students’ role in your educational practice?”; “What do you 
think is the best way for students to learn?”). The teachers were asked to indicate the metaphor they 
preferred most and to explain why they liked it. 
The researchers identified both similarities and differences between the secondary school and 
university teachers’ perspectives of teaching and learning. With respect to similarities, both 
secondary and university teachers believed that regulation of the learning process should be 
performed by both teachers and students. There were also similarities among these two groups of 
teachers in relation to the beliefs about students’ initiative in learning tasks and their capability in 
performing tasks on their own. The teachers perceived learning as either a quantitative increase in 
knowledge or a qualitative change in knowledge. Both groups of teachers reported similar 
instructional activities concerning the cognitive part of instruction. For example, both groups of 
teachers believed that the task was to structure subject matter. They believed that affective activities 
were aimed at motivating students, while regulative activities were aimed at teaching them to learn. 
According to Oolbekkink et al., learning was characterised as a continuous process by university 
teachers whereas secondary school teachers stressed the same idea, however, they did not refer to 
the idea that learning cannot be planned in advance and that a goal can change in the process of 
learning. In terms of differences, Oolbekkink et al. pointed out that the university teachers seemed 
to be more focused on content, having opinions, having independence as a goal, and perceiving 
learning as a process in which structuring and meaning were important. In contrast, secondary 
teachers focused more on the person, aimed at development and pedagogy, and emphasised social 
activities and the learning environment. Overall, Oolbekkink et al.’s study shows how the teachers’ 
beliefs influenced their instructional practices.  
Davis and Neitzel’s (2011) study used SRL as a lens for examining 15 upper-elementary and 
middle school teachers’ conceptions of assessment and their classroom assessment practices. The 
researchers conducted observations in two schools and observed the teachers’ SRL practices during 
their lessons in science, mathematics, and reading or writing classrooms. The researchers used a 
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structured observational protocol to record the instructional arrangements, instructional information, 
and feedback patterns teachers used with their students. In addition to classroom observations, each 
teacher was interviewed about their assessment practices and their beliefs about assessment. Davis 
and Neitzel (2011) found that although the teachers had knowledge of various types of assessment 
and valued them as an integral part of their practices, in practice, the teachers did not use a variety 
of assessment practices. In particular, they did not use assessment practices that fostered students’ 
autonomous learning. As the authors noted, although the teachers reported that giving student 
autonomy was an important element of SRL, the teachers themselves controlled their classroom 
assessments and rarely prompted students to ask their own questions in relation to their 
performance, and only occasionally used self-assessment, which hindered the development of SRL.  
In summary, Davis and Neitzel (2011) found that the teachers’ beliefs and practices did not foster 
students’ SRL. The teachers in this study perceived themselves as the initiators and controllers of 
assessment opportunities and did not encourage students to become active participants in their 
learning. As the authors observed, the teachers posed factual questions more frequently during 
assessments rather than asking open-ended, metacognitive questions that would more likely have 
prompted students’ autonomous learning and SRL. Similar to Spruce and Bol’s (2015) study, it 
appears that there was a disconnect between the teachers’ beliefs and practices in the classrooms. 
It has also been reported that teachers’ beliefs about their students’ abilities hinder the development 
of students’ SRL (Lau, 2011; 2013). Lau’s (2011) study aimed to develop Chinese language 
teachers’ professional ability to design and implement self-regulatory instruction by providing 
continuing school-based coaching and support in a one-year collaborative project. A total of 197 
secondary students (89 boys and 104 girls) and six Chinese language teachers from a secondary 
school in Hong Kong participated in the study. The students’ performance and perceptions of their 
progress at the beginning and at the end of the academic year were assessed. After participating in 
the project, students improved their comprehension performance, intrinsic motivation for reading, 
and used more strategies during the reading process.  
The teachers expressed positive perceptions towards SRL instruction and they made changes to the 
instructional materials and activities. The teachers also increased the use of authentic teaching 
materials (audio-visual materials), designed more open tasks, and increased group activities. 
However, both the teachers and the students regarded teacher control as a necessary component in 
the reading instruction, which contradicted the concept of SRL. Such perceptions were regarded by 
Lau (2011) as the major barrier to implementing this new instructional approach, with the teachers 
not believing that the students could become SR learners. In the teachers’ minds, SRL was too 
idealistic and only suitable for very “high ability” students. Although the teachers found 
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improvements in the students’ reading ability, and motivation, they often mentioned that their 
students were very passive and needed teachers to “spoon-feed” them. Lau (2011) believed that the 
teachers’ traditional Confucian educational beliefs, which tended to emphasize teacher authority 
and the suppression of individuality, could mitigate against the implementation of SRL instruction. 
These findings suggest that the teachers’ beliefs played a pivotal role in implementing SRL 
practices in their classrooms.  
In the same vein as the previous 2011 study, Lau (2013) explored 31 Chinese language teachers’ 
perceptions of SRL and their implementation of instruction based on SRL. The study was a 
researcher-teacher collaborative project with the 31 teachers and their 10th grade students in six 
secondary schools in Hong Kong. Most of the teachers in the study demonstrated a positive 
perception of SRL-based instruction and of the collaborative project before and after implementing 
their school-based programmes. Lau (2013) found that as a result of the project most of the teachers 
made changes to their instructional tasks and increased the degree of instrumental support for their 
students. However, in terms of the autonomy given to the students, Lau noted that only a minority 
of the teachers increased the degree of student autonomy and involved students in evaluation 
activities. In addition, some teachers commented that the instructional approach was too challenging 
for students with “weak” ability and “poor” motivation. Again Lau (2013) believed that the 
traditional Confucian beliefs about teaching and learning were challenges to the successful 
implementation of the SRL practices in the teachers’ classrooms. Taken together, these results 
suggest that there is an association between the teachers’ beliefs and their practices related to 
developing students’ SRL. These findings also suggest that the teachers’ perceptions about students’ 
abilities and the teachers’ religious and cultural values, and beliefs were also influential factors in 
determining the nature, degree and the quality of the teachers’ implementation of instruction which 
aimed to develop SRL.  
Teachers’ practices that fostered SRL were examined by Kistner, Rakoczy, Otto, Dignath-van 
Ewijk, Büttner, and Klieme (2010). Specifically they investigated the teachers’ promotion of SRL, 
whether it was undertaken directly by teaching learning strategies or indirectly by creating a 
learning environment that encouraged SRL. They examined the practices in relationship to students’ 
performance. Twenty German and Swiss mathematics teachers and their 538 secondary school 
students were involved in the study. Three video-taped lessons of the teachers’ practices were 
analysed. Kistner et al. (2010) found that most of the teachers used strategy instruction and taught 
strategies in an implicit way (85%), whereas very few teachers (15%) taught strategies explicitly.  
The students whose teachers taught strategies in an explicit way used a higher number of strategies 
and an increased understanding of proofs (initial test and the follow-up test measure), whereas those 
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students whose teachers taught a higher number of strategies implicitly failed to show an increase in 
student performance. Kistner et al. observed that the teachers mostly taught cognitive strategies 
such as elaboration and organisation. They also taught motivational and metacognitive strategies 
but less often. Kistner et al. revealed that the other strategies (e.g., planning, monitoring and 
evaluation, resource management, and feedback) were not significantly correlated with students’ 
learning gains.  
Hilden and Pressley (2007) explored the challenges and successes that the five US teachers 
encountered following participation in a PDP which was developed to improve reading 
comprehension instruction to increase students’ self-regulated use of comprehension strategies. The 
PDP involved PD meetings, classroom observations, and informal interviews with the teachers. The 
researchers conducted 18 informal meetings with the participating teachers as a group across the 
two schools over a school year (2003-2004). During these meetings, the researchers taught lessons 
demonstrating aspects of reading comprehension to help teachers to implement SRL strategies in 
their classrooms. These strategies involved: activating and applying prior knowledge; visualizing 
what is occurring in the text; summarizing, monitoring and clarifying; asking and attempting to 
answer questions; predicting (i.e., revisiting predictions after reading); strategies for understanding 
informational texts; applying expository texts structures (e.g., compare-contrast, cause-effect); and 
previewing text features. In the first session, the researchers modelled the use of the comprehension 
strategies by thinking-aloud as a text was read and encouraged peer modelling. During the 
implementation of the instruction, the researchers observed each teacher once a month. The teachers 
were given feedback about their practices after each observation.  
When interviewed by the researchers, the teachers reported a number of challenges that interfered 
with the promotion of SRL instruction: doubts about whether they needed to participate in PD about 
comprehension strategies instruction; challenges associated with their students (e.g., lack of 
motivation); assessment; classroom management; and the lack of time (e.g., to read the texts that 
were provided, to develop curriculum). Despite these challenges, Hilden and Pressley also identified 
positive changes in the teachers’ thinking and attitudes. The PDP helped the teachers think about 
reading in new ways about their instructional methods and their students. For example, in terms of 
changes in the teachers’ instruction, Hilden and Pressley observed that at the beginning of the 
programme the teachers typically used teacher-student interactions around text following a basic 
IRE pattern. After the PDP the teachers employed discussion to a greater extent. In terms of the 
students, the teachers reported that their students became better in actively thinking and applying 
the strategies as they read. 
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The research presented here provides evidence that there have been a number of studies that have 
examined the relationship between teacher knowledge and practices and some studies have looked 
at how researchers have attempted to develop teachers’ knowledge and practices. However, no 
research has been published in Sri Lanka that has looked at teachers’ practices in relation to SRL. 
Therefore, the present study attempts to fill the gap by exploring senior secondary school science 
teachers’ practices that foster their students’ science achievement and SRL. 
2.6 Chapter Summary 
Taken together the studies reported in the literature review suggest that teachers’ knowledge and 
beliefs are key influential factors in determining their SRL practices (e.g., Dignath & Van der Werf, 
2012; Kistner et al., 2010; Lau, 2013; Spruce & Bol, 2015). The results of several studies (Dignath 
& Van der Werf, 2012; Spruce & Bol, 2015) suggest that the teachers’ promotion of SRL, not only 
depends on the teacher’s knowledge itself, but also on teachers’ beliefs as well as their practices 
about SRL. 
These studies also suggest that teachers’ knowledge, their beliefs, and the classroom environments 
influence their practices related to SRL, which in turn, foster students’ learning and achievement. 
Although the teachers had positive beliefs about SRL (Spruce & Bol, 2015), many teachers lacked 
the knowledge and practices related to SRL to facilitate students’ learning (e.g., Davis & Neitzel, 
2011; Dignath & van der Werf, 2012; Spruce & Bol, 2015). This may be one of the key challenges 
for teachers in fostering SRL in their classrooms. Research indicates that most primary school 
teachers do not spontaneously acquire SRL (Kramarski & Revach, 2009), do not have adequate 
knowledge or training to create high-SRL classroom environments, and encounter various types of 
difficulties when implementing practices that promote SRL (Hildren & Pressley, 2007; Lau, 2013). 
Overall, all of these studies highlighted the need to provide professional development programmes 
to foster teachers’ knowledge, beliefs, and practices related to SRL.  
A closer examination of the SRL literature shows that most studies have focused on SRL from the 
students’ perspectives. The research to date has tended to focus on SRL of the students rather than 
on the role of the teacher in promoting SRL among students. However, many of the extant studies 
have failed to address how the teacher might support students in fostering their SRL. In addition, 
the studies often did not specify what factors were influential in promoting SRL. Moreover, a 
number of studies have used questionnaires (Dignath & Van der Werf, 2012) and interviews with 
few studies employing classroom observations (Kistner et al., 2010; Spruce & Bol, 2015) to obtain 
a clear understanding about the teachers’ practices.  
 34 
In reviewing the research literature, it is clear that little attention has been paid to in-service 
teachers’ practices in developing secondary school students’ SRL. Whilst considerable research 
about the development of SRL has been carried out at the primary and middle school levels, few 
studies involving secondary/senior secondary teachers were located (Kistner et al., 2010 - 
mathematics; Lau, 2011; 2013 - language). It is also noticeable that only a few studies (i.e., Davis & 
Neitzel, 2011; Spruce &, 2015) involved science teachers, although these studies of elementary and 
middle school science teachers did examine the practices related to SRL. Despite the importance of 
secondary school teachers’ promotion of SRL, research involving observations of teachers’ 
practices related to SRL in science learning have not been found. In response to the general state of 
research in the field of SRL and of teachers’ practices in science, the current study investigated 
senior secondary school teachers’ practices that were used to foster students’ science achievement 
and to examine how these practices related to SRL. 
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Chapter 3:   Method – Phase 1 
Chapter 3 describes the research methodology that was used in Phase 1. The first section begins 
with the research design. The second section of the chapter describes the research sites. The 
rationale for the selection of the sample is explained in the third section, including a description of 
the participants and the settings. The fourth section describes the instrument that was used in Phase 
1, while the fifth section outlines the procedure for data collection. The final section gives an 
outline of the procedure for the analysis of the data.  
3.1 Research Design 
This study employed a qualitative research design involving two phases. Qualitative methods are 
used in research to provide an in-depth description of a specific programme, practice, or setting 
(Mertens, 2010). According to Lichtman (2013), the rationale for using qualitative research is to 
describe, understand, and interpret human phenomena (lived experience of humans), human 
interaction (human interaction in the culture), or human discourse (humans communicating with 
each other). Therefore in the present study, multiple data collection methods (e.g., Focus Group 
Interviews [FGI], Classroom Observations, and Semi-structured Interviews) were employed across 
the two phases to obtain detailed, in-depth descriptions and understandings about senior secondary 
school teachers’ practices that were used to foster students’ science achievement and to understand 
which of these practices were related with SRL. The information from these data collection 
methods was used to describe, understand, and interpret these teachers’ practices. 
3.1.1 Focus Group Interview. 
A qualitative research framework was used in the present study. In Phase 1 of the study, Focus 
Group Interviews (FGIs) were conducted. The purpose of the FGI was to develop an understanding 
of teachers’ practices used to foster their students’ science achievement. The rationale for selecting 
the FGI was to gain a broad range of understandings of the teachers’ practices used to foster 
students’ achievement. Focus Group Interviews are particularly useful for exploratory research 
when little is known about the phenomenon of interest (Stewart, Shamdasani, & Rook, 2007). 
According to Kamberelis and Dimitriadis (2005), FGIs allow researchers to explore the nature and 
effects of ongoing social interactions among specific groups of people in ways that are not possible 
through individual interviews or observations. In addition, FGIs enable researchers to understand 
the complexity of group dynamics. That is, FGIs help researchers to “see the complex ways in 
which people position themselves in relation to each other as they process questions, issues, and 
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topics in focused ways” (p. 904). According to Creswell (2012), a FGI is the process of collecting 
data through an interactive process with a group of people (typically four to six). The interactive 
nature of data collection in a group discussion enables more insights to be generated on the research 
issue than through a series of in-depth interviews with the same number of participants (Hennink, 
Hutter, & Bailey, 2011). Focus groups are useful for orienting on a specific topic and developing 
ideas for subsequent interviews (Cohen, Manion, & Morrison, 2007).  
Description of the Research Sites 
The study took place in the national schools in the Kalutara district of Sri Lanka. Sri Lanka has nine 
provinces and 25 districts (MoE, 2008). Kalutara is one of the districts. Kalutara district is located 
in the Western province of Sri Lanka with an area of 1,606 km². It is situated 42 kilometers from 
Colombo, the capital of Sri Lanka. The Kalutara district has three educational zones: Horana; 
Kalutara; and Mathugama. These three educational zones are further sub-divided into educational 
divisions. Horana educational zone comprises three educational divisions: Horana; Bandaragama; 
and Bulathsinhala. Kalutara educational zone comprises four educational divisions: Kalutara; 
Beruwala; Panadura; and Dodangoda. Mathugama educational zone consist of four educational 
divisions: Mathugama; Walallawita; Agalawatta I; and Agalawatta II (MoE, 2008).  
3.2 Rationale for Selection of the Sample 
The Kalutara district was chosen because it is a semi-urban area with inhabitants from diverse 
ethnic and cultural backgrounds, and students with a high academic performance in the university 
admission examinations (The University Grants Commission, 2013-2014). For example, the 
Kalutara district is considered to be one of the highest scoring districts for enrolment in the 
government universities. These schools were selected because it is thought that the teaching 
practices in these schools may have an impact on the students’ academic achievement and perhaps 
the teachers would be more likely to use practices that were aligned with those described in the 
educational policies related to student-centred learning and student autonomy. There were 407 
schools in the Kalutara district including 18 national schools and 389 provincial schools (MoE, 
2013b). National schools in the district were selected for this study because these are recognised as 
prestigious government schools with the highest number of university admissions compared to the 
provincial schools. 
The next section reminds the reader of the participants, the settings, the instrument, the data 
collection procedure, and the procedure for analysing the data in Phase 1 of the study.  
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3.2.1 Participants. 
Phase 1 of the study investigated senior secondary school science teachers’ understandings of and 
reported practices used to foster students’ science achievement. In Phase 1 of the study, 12 senior 
secondary science teachers from three of the second largest national schools in three educational 
zones (Horana, Kalutara, and Mathugama) from the Kalutara district in Sri Lanka participated. 
Three teachers taught at the Horana national school, four teachers taught at the Panadura national 
school, and five teachers taught at the Mathugama national school. The teachers taught science in 
both Grades 10 and 11. The Focus Group Interviews (FGIs) were conducted with each of the three 
groups of science teachers in three education zones (see Table 3.1).  
Table 3.1. Research Sites by Participants by Grades 
The schools Participants (Grades 10 and 11) 
A national school in Horana  3 
A national school in Panadura 4 
A national school in Mathugama  5 
Total 12 
 
The three science teachers who participated in the FGI in the Horana national school had 30, 14, 
and 18 years of experience in teaching science respectively. The four science teachers who 
participated in the FGI in the Panadura national school had 25, 34, 18, and 6 years of experience in 
teaching science respectively. The five science teachers who participated in the FGI in the 
Mathugama national school had 20, 11, 28, 7, and 9 years of experience in teaching science 
respectively. Thus, the science teachers’ teaching experience ranged from 6 to 34 years and they 
were a fairly experienced group of teachers.  
3.2.2 Settings. 
The Horana and Mathugama schools were both co-educational schools, while the Panadura school 
in the Kalutara education zone was a girls’ only school. At the time of the study (2012), the 
population of these three national schools ranged from a total of 2655 to 3466 students.  
3.3 The Instrument  
3.3.1 Focus Group Interview Schedule. 
Phase 1 of the study involved identifying the teaching practices used in the science classrooms 
reported by the science teachers. The FGI had 15 questions divided into four sections, with the first 
section including questions about the teachers’ understandings of the practices they used to foster 
senior secondary students’ achievement in science. The second section asked questions about the 
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teachers’ understandings of student-centred learning and teaching practices related to SCL. The 
third section tapped the teachers’ understandings of student autonomy and teaching practices related 
to student autonomy. The fourth section focused on the role of the teacher as a facilitator and the 
teaching practices a teacher as a facilitator would use (see Appendix 2 for the FGI schedule). The 
researcher introduced the topic, opened the discussion, developed group rapport, focussed on the 
key questions, and brought the discussion to a close (Krueger & Casey, 2009). 
The FGI schedule was developed in English and then translated from English to Sinhala. A check 
was made involving a back-translation of the FGI schedule. This identified whether or not the 
appropriate meaning of the schedule questions had been captured (Hennink et al., 2011). Relevant 
segments of the recorded Focus Group Interviews were translated from Sinhala to English in order 
to consult with the researcher’s advisors with respect to refining the data collection instruments for 
Phase 2. Phase 2 was conducted later.  
3.4 The Procedure for Data Collection 
3.4.1 Ethical considerations.  
First, ethical approval for the study was obtained from the Ethical Review Committee in the School 
of Education at The University of Queensland. Second, approval and necessary permission from the 
gatekeepers were obtained. More specifically, written information about the study was sent to the 
Secretary of the Ministry of Education and a request for approval for the conduct of the study was 
sought (Appendices 3-4). Third, the permission letter to conduct the study from the Secretary of the 
MoE was sent to the Directors of the Zonal Education offices in the Horana, Kalutara, and 
Mathugama. Fourth, the principals of three of the second largest national schools in the Kalutara 
district were informed about Phase 1 of the study (Appendix 5) and their permission was sought 
(Appendix 6). Fifth, principals of the three schools distributed the Invitation Letter including an 
Expression of Interest form (Appendix 7) to all the senior secondary school science teachers in 
Grades 10 and 11. The letter was an invitation to participate in a FGI. If the teachers agreed to 
participate in the study, they completed the Expression of Interest Form. The teachers returned the 
completed form to the school office in a sealed and pre-prepared envelope which was addressed to 
the researcher. The researcher visited the office after one week to collect the envelopes. Three 
science teachers from each of Grades 10 and 11 were randomly selected for the FGI in each school. 
The four teachers from each of these national schools were then sent the Information Sheet about 
the study (Appendix 8) and the Consent Form (Appendix 9).  
Participants’ identities were not revealed to anyone. No one other than the researcher and her 
advisors read the selected, transcribed, and translated sections of the FGIs. The information 
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provided by the teachers was kept confidential. In order to ensure confidentiality, pseudonyms were 
used in place of the schools’ and teachers’ real names. The science teachers were informed about 
anonymity. Participants’ identities were removed from the interview transcripts, thesis, and any 
other publications. The participants’ electronic and non-electronic data were stored safely and 
securely.  
All FGIs were conducted at each of the schools after-school hours. The first FGI was held in a 
classroom in the Mathugama education zone school. The second FGI was held in a meeting room in 
the Kalutara zone school and the third FGI was held in the junior science laboratory in the Horana 
zone school. The FGIs were conducted in the Sinhala language and recorded using a digital voice 
recorder. Each interview was approximately 60 minutes in duration.  
3.4.2 Establishing theoretical internal validity and descriptive validity.  
The theoretical internal validity was achieved by creating carefully constructed research questions 
for the study. Theoretical validity refers to “the function of accounts as explanation and more 
exactly to the inference from data to report” (Chioncel, Jarvis, Wildermeersch, & Veen, 2003). The 
teachers were all senior secondary school science teachers and therefore were considered competent 
to answer the research questions. All the FGIs were recorded using a digital audio recorder and 
subsequently transcribed verbatim in order to obtain descriptive validity (that is, to obtain factual 
accuracy (Chioncel et al., 2003). The two advisors, who have expertise in self-regulation, examined 
10% of the coding of the transcripts. Any anomalies were discussed and the coding was then 
revised. 
3.4.3 Transcription and translation.  
First, a table of identifiers was developed for each of the participants and the schools to protect their 
anonymity. For example, pseudonyms were used for the 12 teachers. A table of identifiers was 
developed for each of the participants. For example, an abbreviation for MNS 3 refers to 
“Mathugama National School (MNS), 3rd participant (Table 3. 2). Second, the researcher 
transcribed the FGIs which had been recorded in Sinhala using the Express Scribe Transcription 
Software (Stonehouse, 2007). The software connected with a foot pedal and it was used to pause, 
rewind, and fast forward the recordings when required. Third, all words were transcribed directly 
into a file within the transcription software. If there was a pause in the conversation, the word 
[pause] was typed to represent when an interviewee took a break in his or her comments. Capitals 
were used to indicate the loud volume of the words spoken (e.g., THE NEAREST). When the 
interviewee laughed, the word [laughter] was typed (Appendix 10). Fourth, the transcriptions were 
then translated into English (Appendix 11).  
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The researcher then met and discussed the translations of a representative sample of transcripts (2 
out of 3) with two Sinhala-English bilingual science lecturers from a Sri Lankan university. These 
lecturers had both Sinhala and English as well as an intimate knowledge of the Sri Lankan culture 
and society and of the senior secondary school science curriculum. The researcher and the 
colleagues worked side-by-side to identify any ambiguities. The ambiguities found in the 
translations were clarified. These ambiguities related to science terminology (e.g., electricity, 
energy, heat, temperature), obtaining conceptual equivalence (e.g., electricity was the best term for 
word power rather than light and current) and developing themes that represented similar meanings. 
For example, with respect to the latter, engaging in practical experiences to learn science by doing 
and observing things (laboratory experiments, fieldtrips) were thought to be the same as the theme 
“hands-on” learning activities. In addition, Grades 10 and 11 English science textbooks and 
teacher’s instructional manuals were referred to in order to solve translation issues. This process 
allowed the researcher to create and confirm a list of words and their translations, which later 
assisted with interpreting segments of text and ensuring that the same words were used in the 
coding. This allowed the researcher to establish the trustworthiness of translated FGIs. 
Table 3.2. Table of Identifiers – Phase 1 
School 
name 
Identifier 
Gender Teaching 
experience 
(Years) 
Medium of 
instruction 
Teaching 
classroom/s 
Teacher’s 
name 
(Pseudonym) 
HNS     M     30     S      HNS 1 
     M     14     S      HNS 2 
     M     13     S      HNS 3 
KNS     F     25     S      KNS 1 
     F     34     S      KNS 2 
     F     18     S     10-11     KNS 3 
     F     06      E      KNS 4 
MNS     M     20     S      MNS 1 
     M     11     S      MNS 2 
     F     28     S      MNS 3 
     M     07     S      MNS 4 
     F     09     S      MNS 5 
Note. HNS = National school in Horana Education Zone; KNS = National school in Kalutara Educational 
Zone; MNS = National school in Mathugama Educational Zone; F = Female; M = Male; S = Sinhala 
language is used in instruction; E = English language is used in instruction. 
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3.5 The Procedure for Data Analysis 
3.5.1 Thematic analysis.  
The data collected from Phase 1 were analysed using thematic analysis in which commonalities and 
relationships were identified (Floersch, Longhofer, Kranke, & Townsend, 2010; Gibson & Brown, 
2009). The researcher read each transcript of the FGI and divided the text into segments of 
information. Line numbers were added down the left-hand side of the page for each text segment. 
The line number is indicated at the end of the each verbatim quotation in this thesis. In order to 
understand the main idea of the participant’s comments, the main idea of each segment of text was 
identified. A category was developed on the basis of the main idea (Creswell, 2012; Thomas, 2006). 
Patterns and connections within and between categories were used to develop themes. Then, similar 
themes were identified and clustered into key themes. A codebook was developed (Appendix 12). 
Inductive analysis was used to generate hypotheses from the data. This means the researcher 
primarily used detailed readings of the data to derive themes through interpretations (Thomas, 
2006). Themes were developed inductively by identifying the main idea, category, and theme.  
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Chapter 4:   Results and Discussion – Phase 1 
4.1 Introduction 
This chapter provides the results and discussion of Phase 1 of the study concerning senior 
secondary school teachers’ reported practices to foster students’ science achievement. The chapter 
is presented in two sections. The first section presents the results pertaining to the teaching practices 
the teachers reported they used to foster senior secondary students’ science achievement (Questions 
1-7, Topic 1 of the Focus Group Interview (FGI). The second section presents the teachers’ 
understandings and reported practices related to the Sri Lankan’s government’s policy on student-
centred learning, student autonomy, and teacher as a facilitator (Question 1, Topics 2 to 4 of the 
FGI). It should be noted that Question 3 and Question 4 of Topic 1 of the FGI were the same except 
for the specific grade level mentioned in the FGI and therefore, the teachers’ responses for these 
two questions were collapsed in the data analysis. In addition, due to the similarity of the responses 
provided to Question 2 in each of Topics 2 to 5, the responses were integrated into the data 
collected for Questions 3 and 4 in Topic 1 and were analysed together.  
4.2 Teaching Practices to Foster Senior Secondary Students’ Science 
Achievement 
In this section, the senior secondary school science teachers’ reported practices used to foster their 
students’ science achievement are discussed. First, the outcomes related to the teachers’ 
understandings of the aims of science teaching are described. Second, the type of teacher training 
the teachers undertook to learn the teaching practices are reported. Third, the teachers’ reported use 
of teaching practices in Grades 10 and 11 are identified. Fourth, national examination preparation 
practices that the teachers reported they used are described. Fifth, how the teachers ensured that 
students had learned what they were teaching is described. Sixth, the teaching practices used to 
motivate students’ science learning are reported. 
4.2.1 Aims of science teaching. 
The teachers described their understandings of the aims of science teaching (Question 1) in a 
variety of different ways (Figure 4.1). The responses were clustered into three themes: (1) 
developing knowledge; (2) providing experiences and developing awareness; and (3) developing 
skills and their application. These three themes are elaborated in the following section. 
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Figure 4.1. The teachers’ understandings of the aims of science teaching. 
4.2.1.1 Developing knowledge. 
The first theme, developing knowledge, mainly involved “developing students’ scientific thinking”. 
All the teachers valued the importance of developing students’ scientific thinking. For example, one 
teacher said: 
We try to develop students’ scientific thinking when solving practical problems. For example, when 
we teach about the direct current electric motor, we teach how it can be used to create the Lord 
Buddha’s halo for “vesak” day. (KNS 3, 38-40) 
This suggests that this teacher understood that developing scientific thinking should be linked to the 
students’ everyday lives. For example:  
We develop students’ thinking abilities when teaching science. Students learn about facts, concepts, 
theories, and laws in science. This is so that students will be able to understand the relationship 
between these concepts and they can apply them in many events in day-to-day life. (MNS 3, 53-56) 
Ten out of the 12 teachers said that they linked scientific knowledge to their students’ personal lives 
and experiences. Five out of the 12 teachers reported that transferring knowledge from teacher to 
students was another aim of science teaching. One teacher stated that: 
We aim to provide scientific knowledge and skills to students. Then, students can develop their 
understanding of the environment in a scientific way. (HNS 1, 26-27)  
Eight out of the 12 teachers suggested that scientific knowledge and technology were essential for 
the country of Sri Lanka to develop economically because at present the economy of Sri Lanka is 
mainly agricultural. One teacher stated that Sri Lanka needed to move from an agricultural 
economy to a technological economy. 
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We expect to enhance students’ scientific knowledge to develop the country. Sri Lanka is an 
agricultural country. The country cannot be developed only in agriculture. Scientific and 
technological knowledge is needed. The scientific knowledge of the citizens helps to develop the 
country. (HNS 2, 44-48) 
Seven out of the 12 teachers believed that one of the outcomes of science learning was to create an 
environment in which students could create new inventions, especially through practical work. 
Eight out of the 12 teachers encouraged students to create inventions for annual competitions 
including the Junior Inventor Competition, and the Sri Lanka Science and Engineering Fair. One 
teacher said: 
Scientific knowledge is the base for new innovations. So, we expect to direct students towards new 
inventions by developing practical skills. (HNS 3, 62-63) 
4.2.1.2 Providing experiences and developing awareness.  
The second theme referred to “providing experiences and developing awareness”. Teachers also 
aimed to develop students’ scientific knowledge through the use of hands-on learning experiences. 
According to one teacher, hands-on experiments are needed to develop students’ thinking in 
science.  
I always try to use hands-on laboratory activities. In hands-on learning students have opportunities to 
learn from experiments. Such activities help students to enhance their thinking skills. (HNS 2, 40-41) 
Nine out of the 12 teachers said they aimed to give students first-hand experiences or practical 
activities in science. Eight out of the 12 teachers also believed developing awareness of science 
would motivate their students to select science as a future subject or as a career. For example, one 
teacher said “the aim of teaching science in GCE (O/L) is to motivate students to select the science 
stream for their A/L” (MNS 3, 52-53). In Sri Lanka, selection of the subjects for the GCE (O/L) and 
GCE (A/L) examinations directs students’ future academic and career goals. Teachers thought that 
one of the aims of teaching was to improve students’ awareness of career opportunities in the 
science domain and all the teachers said that students who followed Science would have more 
career opportunities compared with students who followed Arts subjects. For example, a teacher 
said that:  
On the other hand, there is an attitude when students who follow A/Ls in science or mathematics 
subject streams have more career opportunities compared with students who followed arts subjects. 
We make them aware of career opportunities in science. (MNS 2, 70-72) 
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4.2.1.3 Developing skills and their application.  
The third theme was related to developing students’ skills and their application of science to 
everyday life. Seven out of the 12 teachers indicated that one of the aims of science teaching was to 
develop students’ skills such as observation and problem-solving skills. Five out of the 12 teachers 
referred only to developing students’ problem-solving skills. A teacher said:  
Students’ ability to solve problems in learning contexts is essential for the development of 
knowledge and understanding of scientific concepts. (HNS 1, 29-30) 
With respect to the application of science to everyday life, a theme that was also seen as part of 
“developing knowledge”, five out of the 12 teachers spoke about the impact of science and 
technology in everyday life (e.g., plant gene technology, nanotechnology), while six out of the 12 
teachers stated that day-to-day habits that involved science (e.g., healthy lifestyle, use of energy 
resources) were important applications of scientific learning.  
Knowledge in science helps students to apply in their every day life. For example, certain topics such 
as infectious diseases, diet, and the use of drugs help students to maintain a healthy lifestyle. (MNS 4, 
43-44) 
The results here indicated that the teachers seemed to understand science teaching as not only 
developing students’ conceptual understandings and skills but also promoting students’ 
understanding of science as a practice in everyday life. These reported aims of teaching science are 
consistent with Hodson’s (2014) four basic learning goals that the teacher needs to consider in 
science teaching. These goals were: (1) learning science; (2) learning about science; (3) doing 
science; and (4) learning to address socio-scientific issues.  
The first theme “developing knowledge” could be seen as associated with the students “learning 
science” and “learning about science”. With respect to the second theme, “providing experiences 
and developing awareness” which included providing first-hand experiences and engaging in 
scientific inquiry, problem-solving in science could be related to “doing science”. The third theme 
of “developing skills and their application” could be related to developing students’ understanding 
of “socio-scientific issues”.  
4.2.2 The teachers’ learning of teaching practices. 
Teachers in the study had learned about the teaching practices in two ways: (1) pre-service training 
and (2) in-service training (Figure 4. 2).  
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Figure 4.2. The teachers’ learning of teaching practices. 
4.2.2.1 Pre-service training. 
With respect to pre-service teacher training opportunities, the teachers mentioned different 
institutions and ways in which they gained knowledge and skills. These included the Teachers’ 
Colleges/Centres, the National Colleges of Education (NCoE), universities, and also mass media 
and technology, and seminars and workshops. Most of the teachers valued developing knowledge 
and skills related to practical work and laboratory skills in these settings.  
When we studied in University, we undertook various practical experiments and it helped to enhance 
the learning of scientific knowledge and laboratory skills. (KNS 4, 85-86) 
The findings related to pre-service teacher training opportunities are in line with previous studies. 
Research has highlighted that professional preparation of teachers affects the quality of science 
teaching (Aydeniz & Kirbulut, 2014).  
In-service training. 
The teachers explained that in-service professional development training opportunities were 
provided by tertiary education institutions. For example, eight out of the 12 teachers had enrolled in 
tertiary education programmes such as the Post Graduate Diploma in Education (PGDE) that were 
offered by the National Institute of Education (NIE), the Open University and the University of 
Colombo. Five out of the 12 teachers obtained science knowledge and skills from institutions and 
other organisations such as the National Science Foundation (NSF), the Industrial Technology 
Institution, and the Arthur C. Clarke Institute for Modern Technologies. All the teachers stated that 
they participated in science seminars and workshops conducted by university education faculties. 
Three out of the 12 teachers also mentioned residential workshops conducted by the Ministry of 
Education and the NIE.  
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We participated in seminars, workshops conducted by the NIE. The NIE conducts seminars to 
introduce new curriculum reforms, new teaching methods, and assessment methods. Sometimes the 
Zonal Education Office also conducts training programmes for teachers. (HNS 1, 106-108) 
Six out of the 12 teachers mentioned that they shared knowledge and skills with other teachers in 
their school and schools nearby. Ten out of the 12 teachers emphasised that they obtained 
knowledge and skills through mass media and technology as well as books, newspapers, magazines, 
and science journals.  
Results from this study reinforce previous research which describes in-service professional 
development (PD) programmes designed to foster science teachers’ knowledge and skills 
(Kudenko, Ratcliffe, Redmore, & Aldridge, 2011). Kudenko et al. (2011) found that the 
professional development courses enabled the teachers in their study to develop their pedagogical 
skills and subsequently these impacted on their students by enhancing their motivation and learning 
in science. Consistent with findings such as those of Kudenko et al. (2011), the teachers in the 
present study also believed that in-service PD courses enabled them to develop their pedagogical 
knowledge and skills. However, they also said that opportunities for attending PD programmes 
were rather limited due to a lack of finance and geographical distance (i.e., PD programmes were 
mostly conducted in the main cities). 
4.2.3 The teachers’ reported use of teaching practices. 
In the present study, all the teachers taught both Grades 10 and 11 science. Because Questions 3 and 
4 of Topic 1 of the FGI were the same except for the specific grade level mentioned, teachers’ 
responses for both questions were collapsed. The responses to Question 2 of Topics 2 to 4 of the 
FGI were also collapsed and added to the responses of Question 3 and 4 of Topic 1 of the FGI due 
to their similarities. The teachers’ responses related to their teaching practices were coded according 
to two themes: (1) direct teaching; and (2) learning through social interactions (Figure 4.3). 
 
Figure 4.3. Reported teaching practices. 
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4.2.3.1 Direct teaching. 
The most commonly reported group of teaching practices was related to direct teaching. With 
regard to direct teaching, two themes emerged: (i) teacher demonstration; and (ii) the use of audio-
visual (AV) materials and models.  
Teacher demonstration. 
Demonstration is an action that involves the teacher showing or telling a student or a group of 
students how to complete something in a clear manner with precise, step-by-step instructions (UK 
Department for Education and Skills, 2004). In reporting their teaching practices, 11 out of 12 
teachers said that they used teacher demonstration, especially when performing science 
experiments. For example: 
When I perform experiments as a teacher demonstration, I ask questions, ask students to make 
observations, record data, and perform calculations. (KNS 3, 97-98) 
One teacher said that they often completed the experiment rather than having all the students do the 
experiment themselves due to limited resources (e.g., equipment, chemicals) in the science 
laboratory. 
We use teacher demonstration many times. But the correct method should be to allow students to 
discover facts by themselves. (MNS 1, 105-106) 
There is a continuing educational debate about ‘inquiry-based’ versus ‘direct’ teaching of science 
(Cobern et al., 2010). Direct teaching or instruction has drawn much criticism (McMullen & 
Madelaine, 2014). One of the main criticisms of direct instruction is that students are passive 
learners, leading to overdependence on the teacher and underdevelopment of independent learning 
skills (Killen, 2013). A further criticism is that direct instruction works well with very low-level or 
specific skills, and with lower ability and young students (Hattie, 2009). However, other researchers 
have discussed the value of the effective use of direct instruction (Cobern et al., 2010; Hattie, 2009; 
McMullen & Madelaine, 2014). For example, Cobern et al. (2010) conducted an experimental study 
comparing specified models of inquiry and direct instruction in science classroom environments in 
a two-week programme. The findings indicated that both inquiry and direct methods or instruction 
led to comparable conceptual understanding in science when instructional time was the same. The 
researchers recommended that expertly designed instructional units, sound active engagement of 
students and good teaching were important factors whether a lesson was cast as inquiry or involved 
direct teaching. In addition, in his meta-analysis, Hattie (2012) identified that direct instruction had 
a moderately high effect size (0.59), claiming that it can be an effective teaching practice. Although 
previous research has highlighted both negative and positive aspects of direct teaching, teachers in 
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the present study valued direct instruction as a practice because they said it allowed them to 
complete the syllabus on time.  
The use of audio-visual materials and models. 
Ten out of the 12 teachers referred to their use of audio-visual (AV) materials to develop students’ 
formation of concepts and to motivate their science learning. With respect to the type of AV 
materials used, the teachers mentioned audio and video clips, photos, diagrams, and the Encarta 
Encyclopaedia. One teacher reported that:  
I use audio-visual tools to demonstrate functions of the human body. I use multimedia when I teach 
functions of the heart. (HNS 3, 124) 
The common use of AV materials in science has been reported in much of the literature (Anuradha 
& Tai, 2010; Mathew & Alidmat, 2013). AV materials are tools that appeal to the senses of learning 
and are often used in classrooms to represent abstract information (Mathew & Alidmat, 2013). 
Anuradha and Tai (2010) have suggested that the teacher’s use of AV materials helps students to 
clarify, form, and interpret concepts, increases their knowledge, arouses interest, evokes emotions, 
and enriches the imagination. However, the effective use of AV materials depends on teacher 
motivation, interest, technical knowledge, and availability of the resources, as well as students’ 
responses to the materials (Mathew & Alidmat, 2013).  
In addition to AV materials, the teachers used models. Eleven out of the 12 teachers stated that they 
used models to help students visualise the abstract processes involved in the functions of the human 
body. 
I create models with the support of students. We create systems such as the excretory system, 
nervous system, endocrine system, and blood circulatory system in the classroom. I use models to 
demonstrate functions of the heart visually. (HNS 3,132-135) 
Sometimes the teachers used commercially available models or they built their own models. Five 
out of the 12 teachers said that they encouraged the students to create models using low-cost 
materials. One teacher mentioned that a student created a model of the blood circulation system 
using saline bottles and ink.  
4.2.3.2 Learning through social interactions. 
Teacher-student interaction.  
The teachers reported three practices that involved teacher-student interaction, led by the teachers. 
These were: (i) whole-class discussion; (ii) use of concept maps; and (iii) developing students’ 
writing skills in science. 
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Whole-class discussion. 
Whole-class discussion as a form of teacher-student interaction was a feature of the teaching 
practices described by the participating teachers. One teacher said: 
Whole-class discussion helps students to share their thoughts about the concepts and theories with 
other students. I encourage student participation through asking questions and discussing ideas. 
(KNS 4, 142-144) 
With respect to the teachers’ understandings of the practices related to SCL, ten out of the 12 
teachers said that the teacher would facilitate the discussion in SCL by keeping the discussion on 
track and promoting more students’ participation.  
The teacher can ask questions that stimulate students’ thinking in discussion. Teacher can encourage 
students to think of different approaches to a problem and to propose possible solutions to the 
problem. (KNS 3, 166-168)  
The teachers reported that during whole class discussions they often asked questions. Only four out 
of the 12 teachers stated that they directed students to share their responses to the teachers’ 
questions with their peers. All the teachers said that the large number of students in a classroom and 
the limited physical space were some of the difficulties encountered during classroom discussions. 
For example, the teachers said they had around 50 students per class and the size of the classrooms 
was small. Nine out of the 12 teachers said they often used whole-class discussion rather than 
small-group discussion due to time constraints related to covering the science syllabus.  
The present results related to time constraints support previous research conducted by Pimentel and 
McNeill (2013). They found that although whole-class discussion was a common instructional 
approach used by US secondary science teachers, similar difficulties were faced by high school 
teachers in shifting to a more student-centred approach using discussions because of the “pressure” 
they felt to cover the subject content.  
Use of concept maps. 
Five out of the 12 teachers introduced concept maps to help students activate their prior knowledge. 
I use concept maps to develop students’ thinking and understanding. Students can visualize the 
connections between the science concepts that they have learned and reflect on their understanding. 
(KNS 4, 173-175)  
Four out of the 12 teachers mentioned that they used concepts maps to structure and organize the 
students’ ideas. Three out of the 12 teachers used concept maps to monitor students’ learning at the 
beginning of the semester or several times over the course of the term.  
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I use concept maps to gain insight about how the students view a scientific topic. It also helps me to 
examine the students’ understandings and their misconceptions that they hold about the topic. (HNS 
2, 149-151) 
Hattie’s (2012) synthesis of over 900 studies found that concept maps were an effective practice in 
terms of students’ achievement with a mean effect size of 0.60, suggesting these teachers are using 
an important practice related to teacher-student interaction. 
Developing students’ writing skills in science.  
Six out of the 12 teachers believed that writing in science had an important impact on students’ 
achievement.  
Writing is an essential part of science because it requires students to select the appropriate scientific 
terms and then to relate those terms in a meaningful manner… We help students to build their 
science vocabulary. (KNS1, 156-158) 
Four out of the 12 teachers believed that it was important for students to understand words, 
diagrams, charts, symbols, and other visual representations in order to construct knowledge in 
science. However, five out of the 12 teachers identified language as a major barrier to learning 
science. In particular, they mentioned reading and writing difficulties. They used several techniques 
to improve students’ writing skills. Three out of the 12 teachers said they spent extra time assisting 
students to develop their science vocabulary and encouraged them to keep a specialist science 
glossary. Three out of the 12 teachers expected students to be able to describe, make comparisons, 
and make predictions in science. Two out of the 12 teachers formed writing groups and encouraged 
students to share their writing skills with other groups of students. Three out of the 12 teachers said 
they read high quality student reports aloud and encouraged other students to note their 
organisation. In addition, two out of the 12 teachers developed students’ note-taking skills and 
helped them to prepare for the national examination. 
Student-student interaction. 
The teachers commonly reported practices which involved learning through social interactions with 
their peers (Figure 4.3). All the teachers commented that they valued group work as a practice 
because students’ learning was enhanced through social interaction. Nine out of the 12 teachers said 
group work developed students’ communication, leadership, and social skills. One teacher 
explained: 
Group work encourages students to become active learners... For example, a photometer can be set 
up for the measurement of the rate of transpiration. I divide the class into five groups to observe five 
different factors affecting transpiration… so that students are able to construct knowledge and share 
the knowledge with their peers. Students are motivated to work with their peers. (KNS 1, 185-189) 
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The teachers reported that they used a variety of practices in which the students learned in small 
groups or teams. The teachers referred to: (i) small group discussions; (ii) group experiments; and 
(iii) group projects, assignments, and fieldtrips. They also mentioned: (i) role-play; (ii) student 
demonstration; and (iii) discovery learning, brainstorming, and problem-solving. 
Small group discussions.  
When teachers mentioned small group discussions they typically meant 8 to 10 students in a group. 
The teachers promoted discussions either in the classroom or science laboratory. Ten out of the 12 
teachers said that they gave students topics or theories in science to research and then provided 
them with opportunities to share their newly found knowledge with their peers. Eleven out of the 12 
teachers perceived that small group discussions would promote SCL. For example: 
Small group discussions encourage student-centred learning by helping students to explore different 
ways to interpret the scientific facts and generate new ideas. It also encourages students to work 
together, share their views and to reach group consensus on an issue. For example, students can be 
given a topic to discuss with their peers on harmful effects of human interference on ecological 
balance and suggest strategies to minimize such activities. (MNS 5, 165-169) 
With respect to the teachers’ understandings of the practices related to student autonomy and a 
teacher as a facilitator, eight out of the 12 teachers believed small group discussions would improve 
student responsibility for their learning, while nine out of the 12 teachers believed that in small 
group discussions the teacher acted as a facilitator who helped students construct new knowledge on 
the basis of their prior knowledge. Seven out of the 12 teachers thought the teacher’s role as a 
facilitator was to encourage every student to participate in small group work, to praise each 
student’s contribution, to help students stay on task and to help students value group effort to 
complete learning tasks. Five out of the 12 teachers thought the teacher as a facilitator arranged the 
learning environment (e.g., seating) that would foster students’ learning. Ten out of the 12 teachers 
provided learning materials to prepare students for the discussion. One teacher explained:  
The teacher as a facilitator provides students with preparatory reading materials so that they all have 
some common understanding of the concepts, facts, and theories that they will share in their group 
discussions. (HNS 1,163-165) 
Previous research has described the importance of small group discussions in science. For example, 
Bennett, Hogarth, Lubben, Campbell, and Robinson (2010) have said that small group discussions 
motivate students and enhance their science learning. Gillies (2013) stated that group work 
promotes students’ metacognitive, problem-solving, and higher order thinking skills.  
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Group presentations were also part of the small group discussions. These presentations followed a 
common pattern. The teacher allocated 5 or 6 students to each group. The teacher explained the 
learning task and provided the resources (e.g., equipment) needed for the task. Students who had 
developed expertise on specific aspects of the task (e.g., writing, measuring, and drawing) 
contributed. Students completed their task and then shared their findings with other members of the 
group. The students asked questions to clarify misunderstandings. When all student groups 
presented their work, the teacher provided feedback to each group. Then, the teacher discussed how 
all the groups’ findings could be integrated and asked students to make their own notes on the basis 
of the final outcomes. Four out of the 12 teachers believed that group presentations enhanced 
students’ autonomy. Three out of the 12 teachers thought that students were more likely to 
contribute their own ideas when working with their peers. 
Group experiments.  
The teachers asked students to perform group experiments and share their findings with their peers. 
One teacher said: 
I ask students to design and conduct experiments. The relevant teachings are in the textbooks. So 
they have to read the experiment before [they] come to the lab. I explain the procedure and allow 
students do it by [themselves]. (HNS 3,189-191) 
All the teachers said that experiments were important in science teaching because science was a 
practical subject. The teachers said they thought science theories and concepts could be taught via 
experiments. In addition, eight out of the 12 teachers said they used experiments to improve 
students’ scientific thinking and skills such as observation and prediction. Studies by Kluge (2014) 
and Ney, Wajeman, d'Ham, Girault, and Sanchez (2012) recognized that laboratory experiments 
help students to develop their conceptual knowledge, argumentation skills, and motivation towards 
science learning.  
The teachers also believed that group experiments could be a practice that was a part of student-
centred learning, student autonomy that a teacher acting as a facilitator would use. Ten out of the 12 
said group experiments encouraged students to take responsibility for their learning, enhanced 
students’ independent decision-making, and controlled their learning environment. One teacher 
explained: 
Group experiments can be used to develop students’ independent learning. Students can be given 
freedom to conduct an experiment, observe the outcomes and record the results. (HNS 2,196-198) 
The teachers believed that in group experiments, the teacher acted as a facilitator of students’ 
learning. Five out of the 12 teachers mentioned that as a facilitator when the students worked on a 
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group experiments the teacher helped students to develop skills of sharing, listening, and logical 
thinking. In addition, seven out of the 12 teachers suggested that the teacher as facilitator would 
provide learning resources for students’ learning. For example:  
If a teacher needs to teach electrical current or voltage, then the teacher should provide equipment 
for students to play with batteries and light bulbs. (MNS 3, 211, 212) 
However, all the teachers said some experiments could not be completed due to the lack of 
resources in the science laboratory. One teacher mentioned that chemicals and equipment such as 
lead monoxide and microscopes were very difficult to obtain. The teachers remarked that most 
schools had only one microscope and Bunsen burner to use in their junior school laboratory (Grades 
6 to 11) and this equipment could not be used effectively with 50 students.  
The teachers also said that 40 minutes was insufficient time for groups to complete the experiment 
tasks cards and then present their findings to their peers. The teachers also said they did not have 
equipment such as multimedia projectors in their schools. These teachers had to use alternative 
methods to get hold of equipment, such as borrowing multimedia projectors from the Information 
and Technology Resource Centres.  
Although group work promotes collaborative learning and fosters students’ academic achievement 
and social skills, research suggests that some teachers struggle with implementing group work 
effectively in their classrooms. Specifically, Gillies and Boyle (2010) identified that the science 
teachers in their study had positive experiences with collaborative learning, however, they 
encountered a number of difficulties such as the composition of the groups (e.g., gender, ability), 
development of students’ social skills during group activities, time management, identifying the 
types of tasks that motivate students, and assessment of the learning.  
In the current study, the majority of the teachers recognized that group work was part of the 5E 
instructional model.  
In the “Exploration” stage, students engage in group work and explore the learning tasks and share 
their knowledge and skills with their peers. Students present their findings to the whole class in the 
“Explanation” stage. Students actively engage in learning and every student has an opportunity to 
contribute ideas. (MNS 4,182-185) 
However, all of the teachers said they had stopped using the 5E instructional approach for a variety 
of reasons including the lack of time to complete the overloaded science syllabus and a paucity of 
resources. Although the teachers in the present study pointed to those difficulties in group 
experiments, they believed that group work was an effective practice in developing students’ 
knowledge and skills in science. 
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Group projects, assignments and fieldtrips. 
Some work in groups such as project or assignment work was also under teacher direction. Other 
group work was undertaken during fieldtrips. Six out of the 12 teachers reported that they gave their 
students group assignments. For example, a teacher said she gave an assignment about dengue fever 
prevention and control because it gave students the opportunity to develop their awareness about 
local health problems and become conversant with local issues. She also encouraged her students to 
meet public health inspectors and doctors in their local area to collect information and facts. Four 
out of the 12 teachers said they used group projects.  
Most students enjoy working independently in their projects. Group projects and group assignments 
can be effective in fostering students’ independent learning. (KNS 3,136-138) 
Two out of the 12 teachers said they believed in group projects because they made students rely on 
their own thinking abilities and the students had to independently use information from other 
sources. Five out of the 12 teachers believed that group assignments and projects would enhance 
student autonomy. 
The teachers used group projects within fieldtrips. In these fieldtrips, topics from the science 
textbook were presented on task cards and students were expected to complete these tasks cards in 
groups. Teachers organised fieldwork to places such as power stations and the Planetarium in 
Colombo. All the teachers thought fieldtrips were motivating for the students and helped students to 
make connections between knowledge that they had gained in the science lessons and the 
application of that knowledge in their day-to-day lives. Nine out of the 12 teachers believed that the 
fieldwork provided opportunities to develop particular skills. For example, one teacher said: 
Students learn a lot about scientific investigation and develop their skills in fieldwork. Fieldwork 
develops students’ knowledge, skills as well as positive attitudes towards science. For example, the 
first lesson in biology in Grade 10 is related to classification and nomenclature of organisms. I 
organised a fieldtrip to the zoo... This is a good opportunity for students to develop their skills in 
observing, classifying, recording, together with team work skills. (KNS 4, 123-128) 
Six out of the 12 teachers said that the students were very enthusiastic, responsive to environmental 
issues, and interested in learning science when they engaged in fieldwork experiences. Five out of 
the 12 teachers believed that the teacher as a facilitator would use fieldtrips to develop student 
autonomy. 
The value of fieldtrips to students’ science learning reported by the teachers is consistent with the 
findings of several studies (Amos & Reiss, 2012; DeWitt & Storksdieck, 2008; Gee, 2012). The 
experiences gained outside the classroom offer first-hand opportunities for students to develop 
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cognitive (e.g., inquiry skills), affective (e.g., personal attitudes), social/interpersonal (e.g., 
communication skills), and physical/behavioural skills (e.g., motor skills) (Amos & Reiss, 2012).  
Role-play. 
One unique teaching practice involving student-student interaction referred to role-play. The 
teachers believed role-play helped students to apply scientific knowledge in real situations. Five out 
of the 12 teachers identified role-play as an effective strategy in SCL.  
Role-play helps students to understand the feelings and attitudes of others by experiencing situations 
rather than just hearing and reading about them. For example, a teacher can use role-play to teach 
functions of the five sensory organs. Students can be formed into five groups asking them to write 
five different scripts with regard to the role of a person whose sensory organs are not functioning 
properly. After a role-play students can reflect on the event and develop their understandings of the 
functions of the sensory organs. (MNS 3, 226-231) 
Four out of the 12 teachers said role-play encouraged students to develop their skills such as 
problem-solving, communication skills, and motivation. One teacher said: 
Role-play can help create a learning environment in which students are motivated and are actively 
involved in learning activities. Students play different roles that are associated with real-life 
problems and it helps students to apply knowledge in real situations. (MNS 4, 236-238) 
Three out of the 12 teachers believed that the teacher acts as a facilitator when fostering students’ 
active participation and interaction during role-play. 
Student demonstration. 
The teachers identified student demonstration as a practice that the teacher should use to develop 
SCL. Four out of the 12 teachers described the use of student demonstration to develop students’ 
SCL in science lessons. 
Demonstration motivates students’ curiosity and interests. The teacher can ask students to 
demonstrate an illustration of chemical reactions and ask them to explore the reactivity of metals. 
Students need to be occupied during a demonstration. Students can provide opportunities to observe 
the reactions, record results and be able to tabulate them. (KNS 2, 145-148) 
Another teacher spoke about the use of demonstration to promote SCL. 
Science learning needs to be a memorable experience for students. Teachers can ask students to 
demonstrate science concepts or theories. For example, teachers can ask students to demonstrate 
Fleming’s left hand rule. This first-hand-experience enables students to retain the information in 
their memory and use it later in their lives. (MNS 5, 193-196) 
It seems that teachers can give students opportunities to engage in demonstration as a means of 
obtaining first-hand experiences through SCL. 
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Discovery learning, brainstorming, problem-solving. 
Discovery learning is a practice where students interact with each other to assist their learning, 
while the teacher’s role is to act as a facilitator only. However, only a few teachers said they 
employed discovery learning to help students “think and analyse the problem clearly” (MNS 5, 
251). Two out of the 12 teachers said the role of the teacher in discovery learning was to facilitate 
students’ thinking. One teacher explained: 
Discovery learning encourages students to think analytically and go beyond the given information 
and discover more information. The teacher needs to facilitate students to think of different options 
to solve a problem. (HNS 2, 112-114) 
Four out of the 12 teachers believed that brainstorming could be a practice that was a part of SCL. 
One teacher said: 
Brainstorming is an effective technique to use in student-centred learning. It encourages students to 
activate prior knowledge and promote their thinking skills. For example, the teacher can conduct a 
brainstorming session on scientific findings about atomic structure. The students can use their prior 
knowledge of electrons, protons, and neutrons to generate many responses. (KNS 3, 193-196) 
In addition to brainstorming, five out of the 12 teachers stated that problem-solving activities in 
groups could be part of SCL, while seven out of the 12 teachers believed problem-solving activities 
improved student autonomy. 
When students are asked to solve a problem, they express their ideas, generate many possible options, 
and seek alternative explanations from others in order to solve the problem. These steps enhance 
students’ independent thinking abilities and enable students to see that their learning is a result of 
their own effort. (MNS 5, 128-131) 
Two out of the 12 teachers reported that they used problem-solving to foster students’ higher order 
cognitive skills. One teacher said:  
In problem-solving, I encourage students to discover answers to questions that arise in their day-to-
day lives. For example, there is a lesson in Grade 11 about environmental pollution. I ask the 
students to think about a problem in the area such as air, water, or soil pollution and collect data from 
the field and analyse the data until they draw conclusions. When students solve the problems, they 
enhance their higher order cognitive skills. (MNS 3, 141-145) 
Five out of the 12 teachers believed problem-solving helped students to actively engage in their 
learning and enabled students to become responsible for their own learning. Two out of the 12 
teachers stated problem-solving promoted students’ self-confidence, teamwork, and communication 
skills, while other teachers believed problem-solving promoted students’ decision-making. Hattie’s 
(2012) meta-analysis identified that problem-solving had a moderately high effect size (0.61). 
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Hattie claimed that problem-solving can be an effective teaching practice in promoting students’ 
achievement. 
4.2.4 The teachers’ reported national examination preparation practices.  
The GCE (O/L) and GCE (A/L) national examinations are very competitive in Sri Lanka. All the 
teachers were conscious of encouraging students to obtain good grades in science for the GCE 
(O/L) examination. The teachers said that one of the main goals of science teaching was to prepare 
students for this examination. One teacher stated:  
… the aim of our education system is to prepare students for the O/L examination [in Grade 11]. 
This aim is THE NEAREST and primary aim at present. (MNS 1, 205-206) 
Preparation for the national examination begins in Grade 9 and the examination paper includes 
knowledge and skills from Grades 9 to 11. In Grade 11, teachers are expected to have completed the 
syllabus. Passing the GCE (O/L) examination is related to future opportunities for higher education 
and career selection depends on it. Therefore, students, teachers, and parents regard the Grade 11 
examination as important. 
Teachers reported that they prepared students for the GCE (O/L) examination in a number of ways. 
From the teachers’ responses, four themes emerged. These were: (i) discuss exam-type questions; 
(ii) teach examination techniques; (iii) give students practice with previous examinations and exam-
like materials; and (iv) provide extra support (Figure 4.4). 
 
 
Figure 4.4. The teachers’ reported practices to prepare students for the national examination. 
All the teachers reported they often spent time discussing exam-type questions related to important 
units in the Grade 9, 10, and 11 science textbooks. Questions were selected and prepared by the 
teachers as examination practice questions which the students then answered. Most of the science 
teachers in Phase 1 had been involved as examiners in the O/L examination. Therefore, they said 
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they had experience with the nature of the questions and nine out of the 12 teachers said they 
guessed which questions might be in the examination papers based on their previous experience. 
One teacher said: 
We thought there might be a question with regard to the Archimedes law last year. We made a 
question related to that and ACTUALLY THIS QUESTION APPEARED [in the examination]. 
(HNS 2, 240-242) 
Ten out of the 12 teachers said they tried to develop students’ writing skills. For example, teachers 
taught students how to write experiments in a step-by-step manner. The teachers said they also 
provided printed handouts of chemical equations and diagrams for students’ revision. Students 
could also use these handouts when they practiced answers to past examination papers. Nine out of 
the 12 teachers encouraged students to discuss the answers with their peers before they wrote their 
answers. Five out of the 12 teachers reported that they formed writing groups to facilitate students’ 
understandings of science concepts and asked them to share their writing with other groups. The 
teachers thought that the groups improved the students’ writing of lab reports and notes about 
difficult concepts described in the textbooks. 
In terms of teaching examination techniques, two categories emerged. Teachers referred to: (1) 
discussing the marking schemes including the criteria; and (2) pointing out common mistakes that 
students made during examinations (Figure 4. 4). With respect to the first technique, one of the 
science teachers said:  
Sometimes we discuss the marking scheme in the classroom. We try to make them aware about how 
marks are allocated and which sections are important in these discussions. (KNS 4, 236-238)  
The marking criteria are set by the Department of Examinations but the science teachers (11 out of 
the 12 teachers were examiners of the national examination) had access to previous marking 
schemes. All teachers said that they explained to their students the common mistakes that students 
had made in previous examinations. These mistakes included: incorrect use of symbols or chemical 
formulae; calculations; failure to read the instructions correctly; and forgetting to answer the 
compulsory questions.  
Another theme that emerged was giving students practice with previous examinations or exam-like 
materials. Students were taught in tutorials in which teachers mostly modelled answers to previous 
examinations questions. Eight out of the 12 teachers said the schools maintained examination paper 
books for ten years and students were allowed to borrow these books from the library. All the 
teachers also prepared model question papers with the assistance of other science teachers in 
parallel grades. The model papers were discussed in after-school classes. The after-school classes 
are conducted by Grade 11 teachers particularly to complete the syllabus and/or to prepare students 
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for the GCE (O/L) examination. In addition, a few teachers conduct after-school classes to improve 
“less able” students’ writing and numeracy skills. Admission to these classes was free-of-charge. 
The fourth theme that emerged involved providing extra support to the students. Three categories of 
support were identified. These were: (i) organise and conduct extra seminars; (ii) invite guest 
speakers to conduct seminars; and (iii) conduct after-school classes (Figure 4.5). 
The GCE (O/L) examination is conducted in December of each year and most of the teachers said 
they held extra seminars in the third term to revise the students’ knowledge. Grade 11 students 
participated in these seminars. In these seminars, teachers discussed questions from units of the 
syllabus and wrote model answers to give to the students. Nine out of the 12 teachers said 
sometimes they invited guest speakers to conduct seminars in the school. These speakers might be 
in-service science instructors from the Zonal Education Office or university lecturers who spoke on 
topics such as force and electronics, which were part of the syllabus.  
All the teachers also mentioned after-school classes and special classes for examination preparation 
for the students in Grade 11. Teachers were expected to conduct after-school classes by the 
principal if they had not completed the syllabus before the examination. One teacher pointed out 
that: 
We complete the science curriculum after-school [pause]. We conduct practical experiments during 
school hours and the rest [we] will cover after-school. (KNS 2, 323-325)  
Seven out of the 12 teachers said they conducted special classes for students who were having 
difficulties with science to support them to develop their writing and mathematics skills. These 
findings related to exam preparation practices are consistent with Nargund-Joshi et al.’s (2011) 
study. These authors found similar examination preparation practices were used by Indian 
secondary school science teachers to prepare their students for the 10th Grade Board Examination. 
The Indian science teachers assigned structured question papers (i.e., blue prints) to help students 
practise how to think and answer questions in the manner that would be expected in the examination 
and provided feedback to these question papers. In the current study, the teachers also reported that 
they gave model question papers and past exam papers to students and provided feedback in order 
to help students prepare for the GCE (O/L) examination in Grade 11. 
4.2.5 How teachers ensured that students had learned what they were teaching. 
In responding to the question of how the teachers ensured that students had learned what they were 
teaching the teachers referred solely to assessment. With regard to the teachers’ reported use of 
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assessment practices, three themes were identified. These are: (1) the types of assessment; (2) the 
purposes of assessment; and (3) who was involved in the assessment (Figure 4.5). 
 
Figure 4.5. The teachers’ reported use of assessment practices. 
The teachers used various types of assessment (Figure 4.5). These types of assessment were 
categorised as formative or summative assessment. According to the teachers’ responses, there was 
a wider variety of formative assessment than summative assessment.  
The second theme was purposes of assessment. There was only one purpose mentioned for 
conducting assessment. The purpose was identified as establishing students’ knowledge and 
learning. For example, one science teacher said:  
We give exercises, quizzes and check students’ laboratory records to assess their knowledge and 
understandings. (HNS 3, 369-370) 
The third theme was who was involved in the assessment. Both teachers and students were involved 
in the assessment process. The teachers demonstrated their involvement by developing assessment 
tools and criteria, assigning and monitoring assessment tasks, providing feedback, and giving extra-
tasks on the basis of the students’ grades. On the other hand, the students read and wrote answers 
for the assessment tasks (e.g., past examination papers, lab reports), completed the assessment tasks 
on time, and discussed difficult questions with their peers and teachers.  
The next section describes the practices the teachers used to motivate their students’ learning of 
science. 
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4.2.6 Teaching practices to motivate students’ learning of science.  
When the teachers were asked about their teaching practices to motivate students’ science learning 
(Question 7, Topic 1) the teachers gave similar responses to those they gave to Question 3 Topic 1 
of the FGI (teaching practices related to science achievement) (Appendix 2). The teachers in the 
present study reported that they used a variety of practices in developing students’ motivation to 
learn science. Two themes were identified. These were: (i) providing tasks that develop students’ 
science interests; and (ii) extra-curricular activities (Figure 4.6). 
 
Figure 4.6. Teachers’ reported practices to motivate students’ learning of science. 
4.2.6.1 Providing tasks that develop students’ science interests. 
The teachers reported they used a range of different tasks to develop students’ science interests. 
These included hands-on activities, creating models, and undertaking practical work.  
Hands-on activities stimulate students’ curiosity and interests and enable them to develop their 
experimental skills and techniques such as observation. (MNS 4, 396-398) 
Ten out of the 12 teachers said they promoted students’ interests by linking science to students’ 
day-to-day lives. Seven out of the 12 teachers provided opportunities for students to work together 
on science learning activities in pairs or teams. All the teachers said that they promoted learning 
experiences outside the classroom. For instance:  
I think science learning outside the classroom is a benefit to students. I provide opportunities for 
learning outside the classroom such as fieldtrips to sites of industries. These different learning 
environments promote students’ interests in science and they can also develop their knowledge and 
manipulative skills. (KNS 2, 402-404)  
Eight out of the 12 teachers said they praised the students’ abilities, talents, and skills (e.g., 
creativity, observation, communication) to motivate them. The teachers believed that such abilities 
maximized student involvement and achievement. Six out of the 12 teachers also said they provided 
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and recommended books about science topics and other resources to encourage students in learning. 
As indicated by the research of Bryan, Glynn, and Kittleson (2011), US high school students were 
motivated to learn science that comprised socially interactive projects on topics of interests to them. 
4.2.6.2 Extra-curricular activities.  
Six out of the 12 teachers encouraged students to participate in extra-curricular activities such as the 
Science Olympiad. 
I encourage students to participate in the Science Olympiad competition. I help students to analyse 
challenging questions in science to prepare for the competition. (HNS 3, 473-474) 
As part of the science competitions eight out of the 12 teachers encouraged students to create 
innovative science equipment. 
I try to spark students’ curiosity by relating learning to their day-to-day events or personal 
experiences. So, students are able to grasp new learning with their existing knowledge. (MNS 5, 503-
504) 
Nine out of the 12 teachers encouraged students to become actively involved in science clubs, 
societies such as the Young Zoologists’ Association (YZA) at the school and national levels. 
However, all the teachers reported that the students had little time to participate in extra-curricular 
activities because they attended after-school private tuition classes.  
4.3 Summary  
The results of the Focus Group Interview in Phase 1 indicated a number of aims related to science. 
These included developing students’ knowledge, providing experiences and developing awareness, 
and developing skills and their application. Both pre-service and in-service teacher training 
opportunities enabled teachers to develop their pedagogical knowledge and skills in teaching 
science. The teachers identified a range of practices that they used in science lessons including 
direct teaching and learning through social interactions. With respect to direct instruction, the 
teachers used teacher demonstration, questioning, and the use of AV materials and models. With 
respect to learning through social interactions, there were teacher-student interaction and student-
student interaction.  
The teachers referred to three practices that involved teacher-student interaction. These were: (i) 
whole-class discussion; (ii) use of concept maps; and (iii) developing students’ writing skills in 
science. The practices associated with student-student interaction were: (i) small group discussions; 
(ii) group experiments; and (iii) group projects, assignments and fieldtrips. They also mentioned: (i) 
role-play; (ii) student demonstration; and (iii) discovery learning, brainstorming, and problem-
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solving. It is important to note that the direct instruction and practices involving teacher-student 
interaction were heavily teacher-dominated. 
The teachers assisted their students to prepare for the Grade 11 examination and they used a variety 
of techniques such as discussing exam-type questions and teaching examination techniques. The 
teachers referred to a variety of teacher practices to ensure students had learned what was being 
taught in science. In particular, the teachers said they used more types of formative assessment than 
summative assessment. It is interesting that the teachers continually referred to the material 
examinations as driving much of their teaching. The teachers used a number of different ways to 
foster students’ motivation. Teaching practices such as practical experiments and extra-curricular 
activities were prominent in motivating students’ science learning.  
The next section describes the teachers’ understandings of phrases used in government policy, 
especially those related to student-centred learning, student autonomy, and the teacher as a 
facilitator (Topics 2 to 4 of the FGI).  
4.4 Teachers’ Understandings of Terms Used in Government Policy 
This section presents the results and discussion in relation to the teachers’ understandings of key 
terms used in government policy. The concepts are: student-centred learning, student autonomy, 
and the teacher as a facilitator. In addition, the teachers’ understandings of the term self-regulated 
learning were also investigated.  
4.4.1 Teachers’ understandings of the term student-centred learning.  
The teachers referred to two characteristics of the term student-centred learning. These were: (i) 
creating a collaborative learning environment; and (ii) active involvement of the students in their 
learning (Figure 4.7). 
 
Figure 4.7. The teacher’s understandings of the terms student-centred learning, student autonomy, 
and the teacher as a facilitator. 
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4.4.1.1 Creating a collaborative learning environment. 
All the teachers believed that a collaborative learning environment was central to SCL. They said a 
collaborative environment involved creating group activities and tasks which provided opportunities 
for students to interact, share their knowledge as a group, and present their findings to their peers. 
For example one teacher said:  
…When students work in collaborative groups, they experience their own responsibility for learning 
and share their knowledge with other group members to solve problems. (HNS 3, 444-446) 
Another teacher spoke about how the physical arrangement of the classroom facilitated 
collaborative learning. 
Students share their ideas and learning materials, debate issues, and also come to a common 
understanding when they work in groups. So it is necessary to arrange the seating [for them] in order 
to communicate with one another easily. (KNS 2, 523-525) 
4.4.1.2 Active involvement of the students. 
All the teachers referred to the way in which the students were actively involved in SCL 
classrooms. In particular, the teachers explained how students learn in group work. 
Students learn from each other and help each other. They work together, in pairs, in groups, or as a 
whole class. When in difficulty or in uncertainty, students do ask the teacher for help or advice but 
only after they have tried to solve the problem among themselves. (KNS 4, 541-543) 
All the teachers also referred to students’ participation in classroom discussions in SCL. One 
teacher stated: 
In student-centred learning, teacher guides students [pause]. Students are encouraged to participate in 
group work. Students use different sources of information such as books, magazines, and newspapers 
and share their views with their peers. (HNS 3, 512-514) 
It appears that the teachers who participated in the study believed that when the students engaged in 
group work as part of SCL, it helped them to develop social interactions (e.g., teacher-student, 
student-student) to optimise their learning. This is consistent with the idea of Noyes (2012) who 
found that UK secondary school students demonstrated increased positive attitudes to mathematics 
when they were offered more student-centred approaches to learning. In that study some of the 
students’ preferences in SCL were: allowing students to work in pairs or small groups; providing 
opportunities to learn through discussing students’ ideas; and allowing students to choose which 
questions they need to do.  
However, Chang, Hsiao, and Chang’s (2011) study found that Taiwanese high school students 
preferred to learn earth science in a learning environment that combined both student-centred 
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(STBIM) and teacher-centred approaches (TCIM). The STBIM learning environments included 
both group-oriented activities and lecturing, while TCIM included lecturing only. At the end of the 
study, most of the students preferred to learn earth science in the STBIM learning environment over 
a TCIM learning environment. Chang et al. (2011) also found that the STBIM students’ 
achievement in and attitude toward earth science were enhanced when the learning environment 
was congruent with their learning environment preference.  
The next section explains how the teachers’ perceived the term student-autonomy. 
4.4.2 Teachers’ understandings of the term student autonomy.  
The teachers perceived three characteristics of the term student autonomy. These were: (1) directing 
students towards independent learning; (2) being individually responsible for their own learning; 
and (3) being in control of the learning environment (Figure 4.7). 
4.4.2.1 Directing students towards independent learning. 
All of the teachers believed that in developing student autonomy, the teacher directed students 
towards independent learning. 
Teacher always DIRECTS students towards independent learning. Teacher provides and creates 
learning opportunities for students to learn independently. (HNS 2, 562-563) 
 
Another teacher spoke about the way in which a teacher can promote students’ independent learning.  
The teacher encourages students to learn independently by providing opportunities for students to 
bring questions and observations to class that have arisen from their independent reading. (KNS 3, 
495-497)  
4.4.2.2 Being individually responsible for their own learning. 
The teachers also thought that student autonomy referred to the idea of students taking 
responsibility for their own learning. Ten out of the 12 teachers said the teacher gradually 
transferred responsibility for learning from the teacher to students. One teacher explained: 
In teacher centred learning, the teacher is responsible for orienting students’ learning. But, in 
student-centred learning, the teacher gradually transfers the responsibility of learning towards 
students. (MNS 2, 586-588) 
Developing responsibility by sometimes having the students help the teacher to prepare criteria for 
their assessment tasks was mentioned by five out of the 12 teachers.  
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…For example, students are given opportunities to set assessment criteria for their group 
presentations. (HNS 3, 593-594) 
Consistent with the ideas of Scott, Furnell, Murphy, and Goulder (2014), the teachers perceived that 
student autonomy meant that students take responsibility for planning, initiating and evaluating 
their own learning. 
4.4.2.3 Being in control of the learning environment. 
Seven out of the 12 teachers defined student autonomy as students being in control of the learning 
environment. For example one teacher said: 
Students do not depend exclusively on the teacher for their learning but take responsibility for their 
[own] learning. (MNS 4, 602-603) 
Another stated: 
Students study on their own. Students decide their learning environment. For example, students 
decide the place of study such as at home or library, the amount of study hours according to their 
ability and interest. (HNS 2, 612-614) 
Four out of the 12 teachers explained the importance of the student’s role in making independent 
decisions about the learning process.  
Student autonomy means giving independence to students. Also giving chances to learners to choose 
what kind of learning materials they want to use, what kind of learning goals they want to achieve. 
(KNS 3, 633-535) 
Seven out of the 12 teachers also identified several characteristics of autonomous students. 
According to the teachers, these learners were motivated to learn, they used self-study skills, and 
they knew their learning strengths and weaknesses.  
The teachers in the current study were positively disposed to the concept of student autonomy. The 
teachers’ definitions of student autonomy reflected those prevalent in the literature such as control, 
responsibility, choice, and independence (Perry & Rahim, 2011; Rogat et al., 2014). The teachers 
perceived student autonomy as a set of skills or abilities that students developed in order to learn 
independently.  
The next section presents the way that the teachers perceived the term the teacher as a facilitator. 
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4.4.3 Teachers’ understandings of the term the teacher as a facilitator. 
4.4.3.1 The teacher as a guide. 
Eleven out of the 12 teachers perceived the term facilitator as a guide who provided help the 
students to learn, while nine out of the 12 teachers explained that the teacher guided students to 
learn and not to use direct teaching. For example: 
Teacher as a facilitator DOES NOT TEACH students and he guides students in learning. The 
teacher’s role is to be a GUIDE. (MNS 1, 712-713) 
They stated that the teacher helped students to discover the content of learning by themselves.  
Teacher doesn’t teach DIRECTLY. The teacher helps students to understand the concepts by 
themselves. (KNS 4, 725-726) 
The teacher doesn’t teach. Usually, the teacher encourages students to learn by themselves [pause]. 
The teacher corrects students’ misunderstanding of the concepts and theories. (KNS 3, 733-734) 
Eight out of the 12 teachers reported that as a facilitator the teacher encouraged students to seek 
knowledge from a variety of sources. One teacher explained: 
In a student-centred learning approach, students don’t depend on their teacher all the time. They do 
not wait for the teachers’ instructions or advice. The teacher encourages students to seek information 
from other sources such as the Internet, books and to learn from others. (HNS 3, 698-701) 
All of the teachers said that as a facilitator, the teacher was involved in creating a learning 
environment that helped students to learn, for example, through providing learning materials and 
resources to meet students’ needs. Seven out of the 12 teachers gave examples of learning materials 
such as books, journals, and magazines.  
Four out of the 12 teachers compared the role the teacher played in teacher-centred learning with 
that in student-centred learning. For example: 
In the teacher-centred learning, the teacher presents information that students are supposed to take in, 
whereas in the student-centred learning the teacher helps students to develop their own knowledge 
and understanding. (MNS 3, 742-744) 
Ten out of the 12 teachers mentioned that as a facilitator the teacher encouraged student discussions 
and encouraged students to share different views as they provided feedback on their students’ 
learning. 
The teacher allows students to share their learning experiences with other students and facilitates 
students’ discussions, provides feedback. (HNS 3, 755-756) 
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Hattie and Yates’ (2014) synthesis of studies found that the effect size for achievement when 
examined alongside teacher as an activator (0.61) and teacher as a facilitator (0.19). The results 
suggest the notion of a teacher as an activator was more powerful than that of the teacher as a term 
facilitator. 
The results presented in this Chapter suggest that the teachers in the present study understood 
students as the focal point of the learning in SCL and they also identified with the idea of the 
teacher as a facilitator in students’ learning. This is consistent with several studies (Beausaert, 
Segers, & Wiltink, 2013; Lam, Law, & Shum, 2009; Peters, 2010; Overman, Vermunt, Meijer, 
Bulte, & Brekelmans, 2014).  
4.4.4 Teachers’ understandings of the term self-regulated learning. 
In Question 3 of Topic 3 of the FGI, the teachers were asked about their understandings of the term 
self-regulated learning. All of the teachers said they were not aware or familiar with the term. 
However, they attempted to explain it. Eleven out of the 12 teachers thought it was associated with 
self-study. For example, one teacher mentioned: 
We have not heard the word self-regulated learning before [laugh]. We have heard the word “self-
study” [pause]. A student learns by himself. (KNS 3, 793-794) 
Three out of the 12 teachers thought SRL referred to improvement in students’ learning in response 
to the teacher’s feedback. Four out of the 12 teachers mentioned that it referred to students taking 
control of their learning and the learning environment. For example: 
Students take control of their learning environment [pause]. They understand the scope of the 
learning and take measures to improve their learning. We were not taught about self-regulated 
learning in our seminars or teacher’s instructional manuals. (HNS 2, 771-773) 
Phase 2 of the study was conducted in order to investigate the senior secondary school teachers’ 
practices that were used to foster their students’ science achievement and to understand which of 
these practices were related to or associated with SRL. 
4.5 Summary  
It is apparent that the teachers understood key ideas of the terms SCL, student autonomy, and the 
role of the teacher as a facilitator in ways similar to that found in the literature. However, the 
teachers’ practices associated with these terms focused mainly on the use of discussion and group 
work. The teachers also reported that they had fewer opportunities to use teaching practices that 
facilitated SCL or student autonomy due to the need to complete syllabus content prior to the GCE 
(O/L) examination and some other logistical problems (i.e., limited physical space, lack of facilities, 
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and equipment). It was also evident that the teachers were not aware or familiar with the term self-
regulated learning. 
 
 71 
Chapter 5:   Method – Phase 2 
5.1 Introduction 
Chapter 5 describes the method used in Phase 2 including the research design of case studies, 
participants, the settings, the SRL model model for primary teacher education (Vrieling et al., 2010) 
that was adapted to assist in developing data collection instruments, the instruments, the procedure 
for data collection, and the procedure for analysing the data with reference to Pintrich and Zusho’s 
(2007) model of student motivation and SRL.  
5.2 Research Design: The Case Study 
Phase 2 investigated the senior secondary school teachers’ practices that were used to foster their 
students’ science achievement and to understand which of these practices were related to SRL. In 
Phase 2, case studies were created. According to Creswell (2012), the case study typically focuses 
on an individual, a representative of a group, an organisation(s) or a phenomenon (e.g., event or 
situation). Yin (2012) defined a case as “generally a bounded entity (a person, organization, 
behavioral condition, event, or other social phenomenon), but the boundary between the case and its 
contextual conditions—in both spatial and temporal dimensions—may be blurred” (p. 6). Therefore, 
in the present study, a case study design was implemented to provide a way for the researcher to 
gain an understanding of the teaching practices the teachers in the sample used. Moreover, how and 
why the teachers employed such practices in their science teaching were also explored, allowing the 
researcher to interpret these events or contexts within these Sri Lankan science classroom settings. 
Yin (2014) has suggested that case studies are appropriate when the research addresses either a 
descriptive question (what) or an explanatory question (how or why). In the present study, both what 
and how questions were addressed, namely, what practices do senior secondary school teachers use 
to foster students’ science achievement were explored and how the teachers employed such 
practices was established.  
Several authors have suggested that case study designs might be particularly useful to explore topics 
associated with SRL in academic settings (Butler, 2011; Vrieling, Bastiaens, & Stijnen; 2013). 
Butler (2011) pointed out that case studies can be used to investigate: (1) the relationships among 
constructs associated with SRL such as emotions, motivation, cognition, metacognition, and 
behaviour; (2) SRL as a dynamic and recursive event or activity; (3) how SRL shapes and is shaped 
by context; and (4) the study of the interplay between individual and social processes as they unfold 
in authentic activities. In line with point 3 above, the case study design in the present study was 
selected because it allowed the researcher to examine the classroom context, specifically the role of 
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teachers and their teaching in shaping the students’ learning in science and possibly their self-
regulated learning.  
In Phase 2, four separate case studies of senior secondary school science teachers were constructed. 
The individual case studies were then used to conduct a cross-case analysis (Yin, 2014). In the 
present study, the sub-type of the case study was “particularistic” and focused on senior secondary 
school teachers’ practices that fostered students’ science learning and which may be associated with 
SRL. As Merriam (1998) has stated a particularistic case study focuses on a “particular situation, 
event, programme, or phenomenon. The case itself is important for what it reveals about the 
phenomenon and for what it might represent” (p. 29).  In the present study, the teaching practices 
that the senior secondary school teachers used to promote their students’ science achievement and 
in which of these practices that foster the students’ SRL represented as a particular “phenomenon”.  
In Phase 2 of the study each teacher was identified as the primary unit of analysis (Baxter & Jack, 
2008). Information about each teacher was collected and these teachers were then included in the 
multiple-case study. The multiple-case design covered the teachers who taught in three different 
schools in three different educational zones.  
5.3 The Case Studies 
5.3.1 Participants. 
In Phase 2, the national schools and the participant teachers were different from those in Phase 1 of 
the study. National schools are recognised as prestigious government schools. Teachers from each 
of the three largest national schools from each of the three educational zones (Horana, Kalutara, and 
Mathugama) from the Kalutara district participated in this study. Originally it was thought six 
senior secondary school science teachers would be selected for participation in Phase 2 (see 
Appendix 3), however, case studies of four teachers were created in this thesis. Two of the teachers 
taught at the Horana national school, one teacher taught at the Panadura national school, and one 
teacher taught at the Mathugama national school.  
5.3.2 Settings. 
The Horana and Mathugama schools were co-educational schools, while the school in Panadura was 
a boys-only school. At the time of the study (2012), the population of the three schools ranged from 
3177 to 4241 students. 
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5.3.3 Vrieling et al.’s (2010) SRL model for primary teacher education.  
The next section explains Vrieling et al.’s (2010) SRL model for primary teacher education. The 
researcher in the current study developed the data collection instruments in Phase 2  (Classroom 
Observation Protocol and Semi-structured Interview) of the study using Vrieling et al.’s (2010) 
model. Therefore the model is described first before the instruments. 
The SRL model for primary teacher education (Vrieling et al., 2010) was chosen and adapted to 
assist in developing data collection instruments in Phase 2 of this study. The model identifies seven 
key principles used to develop SRL. The principles are: knowledge building; metacognition and 
content matter; modelling skills; scaffolding; conditions; collaboration; and the learning task (see 
Figure 5.1).  
 
Figure 5.1. The SRL model for primary teacher education.  
From, “Process-Oriented Design Principles for Promoting Self-Regulated Learning in Primary Teacher Education” by E. 
M. Vrieling, T. J. Bastiaens, and S. Stijnen, 2010, International Journal of Educational Research, 49, p. 143. 
 
Figure 5.1 illustrates the core principles of the SRL model by Vrieling et al. (2010). The first 
principle is knowledge building. According to Vrieling et al. (2010), teacher integrates content 
matter and metacognitive skills during knowledge building. The second principle is metacognition 
and content matter. Vrieling et al. (2010) stated that the process-oriented teaching is important to 
increase both primary student teachers’ content matter and metacognitive skills. The third principle 
is the modelling of skills. Modelling involves four levels: observation, emulation, self-control, and 
finally SRL. Arrow 1 depicts the importance of modelling these metacognitive skills.  
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Scaffolding is the fourth principle which was defined as change over time from a teacher-centred 
method to a student-centred method. The fifth principle is conditions. Conditions consist of four 
sub-components: the teacher educators [in the adapted model, teachers]; student teachers [in the 
adapted model, students or learners]; learning materials; and the school context and culture. Arrow 
2 indicates the influence of these conditions on the learning process. Vrieling et al. (2010) noted 
that these conditional factors may foster or hinder the development of SRL and influence its 
implementation. Collaboration is the sixth principle and comprises three elements: positive 
interdependence; clear instructions; and feedback. Arrow 3 indicates the influence of collaboration 
on the learning process. The learning tasks is the seventh principle. Arrow 4 refers to the 
relationship between SRL and the tasks assigned.  The learning tasks comprise eight components of 
SRL. These are goal setting, prior knowledge activation, metacognitive knowledge activation, 
metacognitive awareness and monitoring of cognition, judgments, attributions, task value 
activation, and time management. According to the researchers, all seven principles support the 
implementation of a SRL approach to educating novice teachers. In adapting the model to this study 
it was thought that these principles could be examined in relationship to the teaching practices 
teachers used to foster senior secondary school students’ science achievement and SRL.  
5.3.4 The Instruments. 
The instruments comprised the Classroom Observation Protocol and Semi-structured Interview.  
5.3.4.1 The Classroom Observation Protocol.  
The aim of the classroom observation was to identify the senior secondary school teachers’ 
practices that were used to foster their students’ science achievement and to understand which of 
these practices were related to SRL. The Classroom Observation Protocol (Appendix 13) was 
developed by the researcher (based on the model from Vrieling et al. 2010). It comprised 
components thought to relate to the development and achievement of science learning in the senior 
secondary school grades and that relate to SRL. The Observation Protocol comprised three parts (A, 
B, and C). Part A, Layout of Room provided a space where the layout of the classroom being 
observed could be drawn. Part B, Teaching Practices Observed provided a space to document what 
was observed using a written running record. Specifically, the space was for making a written 
record of all the teaching practices and interactions that were observed in chronological order from 
the start to the end of each lesson. These included the teachers’ and students’ actions (e.g., teacher 
handling equipment, a student raising a hand to answer a question, students moving to work in 
groups). Part C, Data Organisation listed the components of self-regulation derived from Vrieling et 
al.,’s (2010) model and the literature about SRL. The components were: Goals, Cognitive skills, 
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Knowledge building and content matter, Metacognition and self-regulated learning, Motivation, 
Social skills and interactions, and Other.  
The Semi-Structured Interview. 
The semi-structured interview (Appendix 14) comprised four sections (A, B C, and D). The semi-
structured interview was developed using Vrieling et al.’s (2010) SRL model for primary teacher 
education and the literature about SRL. Section A, Background information sought the teacher’s 
background information, such as the grade levels taught and teaching experience. Section B asked 
about the teacher’s aims in teaching science. Section C asked about the teaching practices they 
used. Specifically, the questions about the practices asked the teachers to report on students’ goals, 
monitoring, knowledge building and content matter, metacognition and SRL, motivation, social 
skills and interactions, the physical environment of the classroom, and other factors related to 
teaching practices. Section D identified a closing question which was designed to conclude the 
conversation. The Probes and Follow-up Questions that could be asked to gather further information 
or elaboration, or to seek clarification of responses were also printed on the Interview schedule.  
5.3.5 The procedure for data collection. 
5.3.5.1 Ethical considerations.  
First, the principals of the three largest national schools in the Kalutara district were informed about 
Phase 2 of the study (Appendix 15) and their permission was sought (Appendix 16). Second, senior 
secondary school science teachers (Grade 10 to 11) were invited to participate in Phase 2 and 
submitted their expression of interests in participating in the study were obtained (Appendix 17). 
From these expressions of interest forms, one 10 and one Grade11 science teacher was randomly 
selected from each of the three national schools. The science teachers were informed of their 
selection. Third, the selected science teachers were asked for their consent to participate in the study 
(Appendix 18). A consent form was attached to the information letter (Appendix 19). The next 
section describes the procedure for data collection. 
Two classroom observations were conducted in each of the four teachers’ classrooms (Grades 10 
and 11) during the teachers’ scheduled 40-min science lessons. For each teacher, the second 
observation occurred three days after the first observation. First, the researcher drew the layout of 
the classroom/science lab that was observed in each of the teacher’s lessons (A, Appendix 13). 
Second, the researcher documented, in chronological order, all the teaching practices and the 
interactions that were observed during the lesson as a running record (B, Appendix 13). The 
observed lessons were also recorded using a digital voice recorder. Third, after each observation, 
the researcher read and annotated the running record and added details about events and practices 
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that the researcher did not have time to record during the observation. Following the observation 
and completion of the written running record the researcher used Part C of the Classroom 
Observation Protocol. 
After conducting the two classroom observations, the semi-structured interview was conducted with 
each teacher. The interviews were conducted in the Sinhala language and recorded using a digital 
voice recorder. Each interview was approximately 60 minutes in duration. The researcher observed 
two chemistry and physics lessons in each of Mr. Hiru’s and Mrs. Malee’s Grade 10 classrooms. In 
Grade 11, biology was taught in the third term across the schools. Thus, two biology lessons were 
observed in each of Mrs. Hima’s and Mr. Kuma’s classrooms.  
5.3.5.2 Establishing trustworthiness.  
Triangulation and member checking were used to establish credibility of the findings. As part of 
triangulation, the researcher examined multiple sources of information (e.g., the two classroom 
observations and the semi-structured interview of each teacher). During the semi-structured 
interview, the researcher noted and asked further questions of each teacher to verify the data 
gathered in the earlier observation of the teacher’s practice. This allowed the researcher to establish 
the accuracy of the findings. As part of the member checking, one of the four teachers was sent a 
copy of the summaries of the semi-structured Interview transcription and was offered the 
opportunity to respond to the researcher regarding the accuracy of the interpretations.  
5.3.6 Transcriptions and translation.  
First, a table of identifiers was developed for each of the participants and the schools to ensure their 
anonymity. For example, pseudonyms were used for the four teachers. The science teachers’ 
teaching experiences ranged from 7 to 33 years and they could be described as a fairly experienced 
group of teachers (see Table 5.1).  
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Table 5.1. Table of Identifiers – Phase 2 
 
School 
name 
identifier 
Gender Highest Educational or 
professional qualification/s 
Teacher 
experience 
(Years) 
Medium of 
Instruction 
Teaching 
classroom 
Number of 
students 
Teacher’s name 
(Pseudonym) 
HNS M M.Ed/Diploma in 
Teaching (NCOE) 
20 S 10 – A 48 
(M = 22, F = 26) 
Mr. Hiru 
HNS F B.Sc/Diploma in Teaching 
(NCOE) 
7 E 11 – B 43 
(M = 19, F = 24 
Mrs. Hima 
KNS M Teacher Training 
Certificate 
33 S 11 – E (M = 48) Mr. Kuma 
MNS F Diploma in Teaching 
(NCOE) 
12 S 10 – C 56 
(M = 27, F = 29) 
Mrs. Malee 
Note. HNS = National school in Horana Educational Zone; KNS = National school in Kalutara Educational Zone; MNS = National school in Mathugama 
Educational Zone; NCOE = National College of Education; M = Male; F = Female; S = Sinhala language is used in instruction; 
E = English language is used in instruction. 
 
 
.
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Then, the researcher transcribed the four semi-structured interviews and eight lessons that were 
audio-recorded using the Express Scribe Transcription Software (Stonehouse, 2007). The 
transcription symbols that were used were as described in Phase 1. The transcriptions of the semi-
structured interviews were then translated by the researcher from Sinhala to English. After the 
researcher had translated the transcriptions she then discussed them to ensure accuracy with two 
Sinhala-English bilingual science lecturers in a Sri Lankan university. The text segments of the 
extracts from the Classroom Observations that were presented in the analysis were also translated 
from Sinhala to English.  
In Phase 2 of the present study, Pintrich and Zusho’s (2007) model was used to analyse the data 
deductively. The next section presents Pintrich and Zusho’s (2007) model of student motivation and 
SRL in tertiary settings. 
5.3.7 Pintrich and Zusho’s (2007) model of student motivation and SRL in tertiary settings. 
Pintrich and Zusho’s (2007) model consists of five major components (see Figure 5. 2). Component 
A refers to the student’s personal characteristics (e.g., age, gender, and ethnicity). Component B 
refers to the classroom context (e.g., academic tasks, reward structures, and instructional methods, 
instructor behaviour). Component C refers to the motivational processes including internal thoughts 
(e.g., efficacy/control beliefs) and emotions in relation to the context and students’ perceptions of 
that context. Component D includes the self-regulatory processes that students can use to monitor, 
control, and regulate cognition, motivation/affect, behaviour, and the context. Regulating cognition 
includes the individuals’ attempts to regulate the various types of cognitive and metacognitive 
learning strategies (e.g., goal setting, activation of prior knowledge). Regulating motivation/affect 
includes attempts to regulate the various motivational beliefs such as goal orientation, self-efficacy, 
task value beliefs, and personal interest in the task. Regulating behaviour involves the individual’s 
attempts to control their own overt behaviour (e.g., time and effort for planning or management). 
Regulating context includes the individual’s attempts to monitor, control, and regulate the context 
(e.g., tasks or classroom environment). Component E includes various student outcomes such as 
choice, effort, persistence, and actual achievement. The shaded Components B, C, and D shown in 
Figure 5.2 were used in the deductive analysis of Phase 2 (see Data Analysis section below). 
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Figure 5.2. Pintrich and Zusho’s (2007) model of motivation and SRL.  
From, “Student Motivation and Self-Regulated Learning in the College Classroom”, by P. R. Pintrich and A. 
Zusho, In The scholarship of teaching and learning in higher education: An evidence-based perspective (p. 
735), R. P. Perry & J.C. Smart (Eds.), 2007, Dordrecht: the Netherlands, Springer.  
 
The original model focuses on college student motivation and SRL in academic learning from the 
learners’ perspective. However, because all the main components of the model (A-E) apply to SRL 
and motivation irrespective of age (Pintrich & Zusho, 2007), it was thought that for the purposes of 
the present study, the model could be used to explore the relationship between the Classroom 
Context (B), the Self-Regulatory Processes (D), and the Motivational Processes (C) with respect to 
students’ science achievement. Specifically, Component B in this study was seen as referring to the 
teachers’ actions (practices – i.e., methods, tasks) and behaviours they used in their lessons, and 
Components B and C were thought of as the student outcomes that teachers might be working 
towards in developing self-regulation (and motivation) in science. It was thought that the model 
could be used to identify if and how teachers’ practices (Component B) were used to develop 
students’ SRL (Component D) and motivation (Component C) in relation to the deductive aspects 
of the data analysis (Sweep 2) of Phase 2 of the study.  
D. Self-Regulatory 
Processes  
 
 Regulating cognition  
 Regulating 
motivation/affect  
 Regulating behavior  
 Regulating context  
 
 
 
E. Outcomes 
 
 Choice 
 Effort 
 Persistence 
 Achievement 
 
B. Classroom 
Context 
 
 Academic tasks 
 Reward structures 
 Instructional 
methods 
 Instructor behavior 
A. Personal 
Characteristics 
 
 Age 
 Gender 
 Ethnicity 
C. Motivational Processes  
 
 Efficacy/Control Beliefs 
 Values/Goals 
 Affect/Emotions 
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5.3.8 The procedures for data analysis. 
The data collected from the semi-structured interviews and classroom observations were analysed 
using inductive and deductive thematic analyses. Two sweeps of the data were undertaken during 
the analysis.  
5.3.8.1 Sweep 1. 
First, in Sweep 1 of the analysis of the semi-structured interview data for each teacher, an inductive 
thematic analysis was undertaken. This meant the researcher primarily used detailed readings of the 
data to derive themes (Thomas, 2006), and then identified the commonalities and relationships 
amongst the themes (Floersch et al., 2010; Gibson & Brown, 2009). Specifically, the researcher 
read the transcript of the semi-structured interview for each teacher and divided the text into 
segments of information. Line numbers were added down the left-hand side of the page for each 
text segment. The main idea of each segment of text was identified. A category was developed on 
the basis of the main idea (Creswell, 2012; Thomas, 2006). Patterns and connections within and 
between categories were used to develop themes. Then, similar themes were identified and 
clustered into a key theme. A codebook used in the analysis of the semi-structured interview data 
was developed (Appendix 20).  
In Sweep 1, each classroom observation data was analysed separately. In addition, the researcher 
transcribed the audio-taped lessons of the running records. Then, the researcher divided the text into 
segments of information. The line number was indicated at the start of each extract. In undertaking 
the inductive analysis of the classroom observation data, the same procedure was used as for the 
semi-structured interview data. A codebook for the analysis of the classroom observation data was 
developed (Appendix 21).  
In Sweep 1, the themes that emerged from the semi-structured interview and classroom observation 
data were examined and compared. The themes that appeared in both data sets were organised into 
key themes (Appendix 22). With respect to Sweep 1, there were six common key themes that 
emerged from the inductive analysis of the classroom observations and semi-structured interview. 
These were: (1) developing scientific learners; (2) developing students’ science interests; 
(3) helping students to achieve their goals; (4) developing students’ independent learning; 
(5) identifying and supporting students; and (6) contextual factors that influence science teaching 
and learning, including barriers to teaching and learning, the influence of private tuition, and the 
influence of parents. 
The first key theme Developing Scientific Learners referred to developing students’ conceptual 
knowledge and understandings in science. The second key theme Developing Students’ Science 
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Interests referred to a variety of practices that the teacher used to develop students’ science interests 
in both classroom and out-of-school learning experiences. The third key theme Helping Students’ to 
Achieve their Goals referred to assisting students to set their goals, use practices to reach their 
goals, and encourage students to monitor their progress. The fourth key theme Developing Students’ 
Independent Learning mainly referred to taking responsibility and control of their own learning. 
The fifth key theme Identifying and Supporting Students referred to the ways that the teachers 
identified and helped the students with different abilities, language difficulties, differences between 
male and female students, and students with different socio-economic backgrounds. The sixth 
theme Contextual Factors that Influence Science Teaching and Learning referred to several factors 
(i.e., private tuition, parents) that can have an influence on teachers’ and students’ effective science 
teaching and learning.  
5.3.8.2 Sweep 2.  
In Sweep 2, the key themes from the semi-structured interview data and classroom observation data 
(see the third step of Sweep 1) were analysed using deductive thematic analysis in relation to some 
of the components of Pintrich and Zusho’s (2007) model of student motivation and SRL in tertiary 
settings (Figure 5.2). The deductive thematic analysis using this model will be described in detail in 
Chapter 10. A brief description of the model is provided next, before discussing the components 
used in the analysis.  
Pintrich and Zusho’s (2007) model focuses on college student motivation and SRL in academic 
settings from the learners’ perspective. However, because all the main components of the model (A 
- E) apply to SRL and motivation irrespective of age (Pintrich & Zusho, 2007), it was thought that 
for the purposes of the present study, the model could be used to explore the relationship between 
the Classroom Context (B), the Self-Regulatory Processes (D) and the Motivational Processes (C) 
with respect to students’ science achievement. Specifically, Component B in this study was seen as 
referring to the teachers’ activities and actions (tasks, practices [i.e., methods] and behaviours) used 
in the lessons. Components C and D were thought of as the student outcomes. These might be the 
outcomes that the teachers could be working towards in developing science learning, self-regulation 
and motivation in science. It was thought that the model could be used to identify if and how 
teachers’ practices (Component B) were used to develop students’ SRL (Component D) and 
motivation (Component C) (Note: greater attention was paid to SRL).  
A codebook of labels and descriptions was developed to identify the three components (B, C, and 
D) of the model to use in the deductive thematic analysis (Appendix 23). The themes and key 
themes that emerged for each teacher from the classroom observation data and the Semi-Structured 
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Interview data were then examined. Examples of the deductive thematic analysis for Mr. Hiru’s 
classroom observation and semi-structured interview data are presented in Appendices 24 and 25.  
Chapters 6, 7, 8, and 9 present the case studies of Mr. Hiru, Mrs. Hima, Mr. Kuma, and Mrs. Malee. 
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Chapter 6:   Results of the Case Study – Mr. Hiru  
Chapter 6 presents the case study of Mr. Hiru. He was one of two teachers from the Horana area in 
the Kalutara district selected to participate in the study. This chapter will provide an overview of 
Mr. Hiru’s teaching background, the setting for the classroom observations, and a discussion of the 
six key themes that emerged from the inductive analysis of the classroom observations and semi-
structured interview data conducted with Mr. Hiru. 
6.1 Mr. Hiru’s Background 
Mr. Hiru had spent 20 years teaching in schools located in the Kalutara and Ampara districts. At the 
time of data collection, he was the Teacher-in-Charge of the secondary (Grades 10-11) science 
laboratory in a school located in the Horana area in the Kalutara district. He has worked in this 
school for five years. In this school, he has also taught science to students in Grades 9, 10, and 11. 
Prior to teaching at the present school, he taught both science and ICT in a provincial school located 
in Bulathsinghala, Sri Lanka. He earned a Diploma in Science from the Siyane National College of 
Education, Sri Lanka. He also has earned Bachelor of Education and Master of Education degrees 
from the National Institute of Education in Maharagama, Sri Lanka. He was also working as a 
private tuition teacher in science.  
6.2 Setting  
The researcher conducted two observations of Mr. Hiru’s Grade10 science class. The science 
laboratory was clean but quite dark with poor ventilation. The laboratory had only one door which 
was open. Four and three small windows were embedded into the right and left hand sides of the 
wall respectively. Four of the windows were open. There were four ceiling fans but only two of 
them were turned on. A small white board hung in the centre of a blackboard at the front of the 
room. There were three cupboards, two tables, a teacher’s desk, and a chair. A human model of a 
skeleton had been placed in the corner of the laboratory. During both observations, the researcher 
sat on a chair at the back of the laboratory.  
The content of the first lesson observed related to the fire triangle and fire extinguishers 
(chemistry). For this lesson, 45 students (20 boys and 25 girls) were seated at tables arranged in 
eight groups. Four groups comprised boys only and four comprised girls only. The content of the 
second lesson focused on atomistic pressure/forces on objects immersed in liquids (physics). Forty-
one students (20 boys and 21 girls) were seated in eight groups. The seating arrangements were 
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similar to the first
 
lesson that was observed. The interview with Mr. Hiru took place in the junior 
science laboratory. 
6.3 Understanding Mr. Hiru and his Teaching Practices 
Six key themes emerged from the two classroom observations of Mr. Hiru’s teaching of his Grade 
10 science class and his interview. They were: (1) developing scientific learners; (2) developing 
students’ science interests; (3) helping students to achieve their goals; (4) developing students’ 
independent learning; (5) identifying and supporting students; and (6) contextual factors that 
influence science teaching and learning including barriers to teaching and learning. 
6.4 Developing Scientific Learners 
The first key theme that was associated with understanding Mr. Hiru and his teaching practices 
referred to Developing Scientific Learners. This theme indicated a variety of teaching practices that 
Mr. Hiru employed to develop his conceptual knowledge in science. These teaching practices were 
organised into three themes. These were: (i) practices to build knowledge; (ii) practices to help 
students learn together; and (iii) practices that assist students to retrieve knowledge. 
6.4.1 Practices to build knowledge. 
Mr. Hiru said he used several practices to build students’ knowledge and skills. These were reported 
as practices to activate students’ prior knowledge and practices to teach science concepts.  
6.4.1.1 Practices to activate students’ prior knowledge.  
The following is an extract (see Extract 6.1 below) from a Grade 10 chemistry lesson observed in 
which Mr. Hiru taught about the use of the soda-acid fire extinguisher (see Image 6.1). 
 
Image 6.1. A picture of a soda-acid fire extinguisher. 
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Mr. Hiru demonstrated his use of questions to help students activate their prior knowledge (Extract 
6.1). 
Extract 6.1. 
84. Mr. Hiru: … What do you think you will get when you mix sodium 
85.  bicarbonate and sulphuric acid?  
86.  Student 1: Carbon dioxide and water 
87.  Mr. Hiru: Right. How do you know it is carbon dioxide?  
88.  Mr. Hiru: Who can remember the previous experiment about carbon dioxide?  
89.  Student 1: If this is carbon dioxide, the fire will be extinguished.  
90.  Mr. Hiru: Okay. What could you do to identify the carbon dioxide?  
91.  Students: Carbon dioxide is bubbled through limewater  
92.  Mr. Hiru: Yes. Correct 
93.  Mr. Hiru: Who can remember the colour of the limewater? 
94.  Student 2: A milky white colour 
95.  Mr. Hiru: Good. A milky white colour. Let us have a look at the next one. 
 
Extract 6.1 indicates how Mr. Hiru activated the students’ prior knowledge in lines 88, 90, and 93. 
He asked questions related to hypothesis-building (“What do you think…?” line 84) and those that 
focus on procedures or processes (“What could you do…?” line 90). These two types of questions 
would help students to develop their higher order thinking (Portnoy & Rabinowitz, 2014). 
In the second lesson that was observed Mr. Hiru used an experiment to teach the upthrust of water 
on different objects. He encouraged students to recall concepts of density that they had learned in 
Grades 8 and 9. “How did we calculate the density?” (138), “Who can remember the density of 
water and mercury?” (143). In this demonstration, Mr. Hiru explained why the upthrust for two 
objects with equal mass and different densities were not the same. He asked questions such as 
“How does this link with what we learned before?” (167). Such as question may activate the 
students’ prior knowledge. 
In addition to activating the students’ prior knowledge, Mr. Hiru reported several practices that he 
used to teach science concepts in order to build students’ knowledge.  
6.4.1.2 Practices to teach science concepts.  
Mr. Hiru said he used concept maps, brainstorming, demonstration, models and modelling, 
technology (e.g., PowerPoint presentations), direct explanations, and explicit questioning to teach 
concepts in science. He believed that concept maps helped the students to learn concepts because 
they can identify connections and relationships among concepts in science. 
Sometimes, at the start of the topic, I ask students to place as many concept words as they think they 
know onto A4 paper. Then, I ask students to make connections between them. Students do not know 
some concepts at the beginning of the lesson. I ask them to review the concept map regularly by 
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connecting new concepts [and then] at the end of the topic. It also helps them to assess their own 
progress. (357-361) 
With respect to teaching concepts, Mr. Hiru reported that he also used brainstorming.  
I use brainstorming to teach science concepts. Students express possible answers to the topic or 
problem. For example, I conduct a brainstorming session to discover factors affecting transpiration 
and guttation of the plant. This provides an opportunity for students to develop their thinking and 
share their ideas and expand their knowledge by building on each other's contributions. (371-375) 
When teaching concepts, Mr. Hiru asked students to make connections among ideas using concept 
maps and brainstorming but he also used models and modelling to help to understand abstract and 
“unfamiliar” concepts to visualize and understand how something worked. He said: 
I use models to teach concepts, theories and processes in science. Models help students make sense 
of their observations, and understand abstract ideas easily. For example, I use models to teach about 
the cell, the heart, and the blood circulatory system. (394-397) 
Mr. Hiru also used several practices to teach science concepts in the second classroom observation. 
The aim of the lesson was to develop students’ understanding about the effects of atmospheric 
pressure. In order to demonstrate these effects he used two examples of atmospheric pressure. Mr. 
Hiru created opportunities for the students to link their personal experience and knowledge to 
science concepts by referring to everyday examples (e.g., bicycle pump, fish tank, and bus 
destination board).  
Mr. Hiru also reported that he used various modes of delivery such as PowerPoint presentations 
with animations, (e.g., the functions of the human body in biology), CDs, video clips, and the 
Internet (especially nature and live science sites) to extend the students’ understanding of complex 
concepts. Extract 6.2 illustrates how Mr. Hiru used a rubber suction cup to teach the students about 
the concept of air pressure. 
 
Extract 6.2. 
Mr. Hiru began by showing the students a rubber suction cup. 
7. Mr. Hiru: … Today we are going to learn about the effects of atmospheric  
8. pressure in day-to-day events. Now think about examples from everyday events. 
9. Student 1: Bicycle pump  
10. Mr. Hiru: Right. What else? 
11. Student 2: Oxygen pump in fish tank 
12. Mr. Hiru: OK. How does the bicycle pump work?  
13. Student 1: When the piston of the bicycle pump is pressed, air enters the pump  
14. Mr. Hiru: OK. We have a special term for the ‘air’. Do you know the name 
15. [for the air]?  
16. Student 1: Compressed air  
17. Mr. Hiru: Good  
18. Mr. Hiru: When you travel on the bus, have you observed how the board with  
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19. the name of 11 the bus is attached to the window of the glass?  
20. Students: Yes 
21. Mr. Hiru: What is used? 
22. Students: rubber suction cups 
23. Mr. Hiru demonstrated how a rubber suction cup worked by sticking it to the glass.  
24. Mr. Hiru: How does the rubber suction cup work now?  
25. [Hiru pressed a rubber suction cup against a wall]  
26. Mr. Hiru: What happens if we press the rubber suction cup against a wall? 
27. Students: It [a rubber suction cup] sticks to the wall  
28. Mr. Hiru: Why?  
29. Student 3: Umm, air pressure and…  
30. Mr. Hiru: OK. Can you explain what you mean by that [air pressure]? 
31. Student 3: Air in a rubber suction cup …… 
32. Mr. Hiru: So where would you say the air pressure was the highest? Inside or outside 
33. the rubber suction cup? 
34. Student 3: Er… Outside 
35. Mr. Hiru: Correct. Because the pressure outside the rubber suction cup is greater than  
36. inside. So it will hold the rubber suction cup to the wall. 
37. Mr. Hiru made a small hole in the rubber suction cup.  
38. He asked “Now tell me what will happen next?” 
39. Students: Now it is not going stick to the wall  
40. Mr. Hiru: Why it is not going to stick [to the wall]?  
41. Student 3: Because the air pressure is equal now  
42. Mr. Hiru: Think about some day-to-day examples. Now discuss with your group the  
43. reasons for the following events: 
44. 1. Why it is easier to use a rubber suction cup on glass than on walls?  
45. 2. Why is a rubber plunger used to unblock a drain leading from a sink?  
46. 3. How does air pressure make a drinking straw work? 
 
In Extract 6.2, Mr. Hiru used explicit questioning such as “What happens if?”, “Why?”, “Where 
would you say”, and “What will happen next” to teach the concept of air pressure (lines 26, 28, 32, 
and 38). When Student 3 responded to Mr. Hiru’s question in line 29, Mr. Hiru provided an 
opportunity for the student to extend his thinking by posing further questions that required the 
student to reason (line 30). But, Mr. Hiru did not give adequate time for Student 3 to express his 
ideas and instead, Mr. Hiru himself gave the reason why the rubber suction cup stuck to the wall. It 
appears that Mr. Hiru typically maintained control over the lesson and the students’ contributions 
during the questioning were limited. Mr. Hiru’s pattern of discourse may help him to maintain the 
authority of the lesson. He often produced lengthy recitations of questions and waited for answers 
(by the individual student or whole class) within the initiation-response-evaluation (IRE) pattern. 
Perhaps Mr. Hiru’s use of the IRE pattern of questioning enabled him to ‘save time’ and complete 
the lesson in the 40 minutes. He also used modelling to teach the concepts of air pressure. 
In order to develop students as scientific learners, Mr. Hiru encouraged the students to learn in 
groups. The next section describes Mr. Hiru’s use of teaching practices that help students to learn 
from one another.  
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6.4.2 Practices to help students learn together.  
Mr. Hiru used group work in three ways: mini study groups; group experiments; and group 
discussions. Mr. Hiru said that he believed group work helped students to develop skills such as 
teamwork, problem-solving, communication, leadership, and time management.  
6.4.2.1 Mini study groups. 
Mr. Hiru encouraged students to form mini study groups in physics, chemistry, and biology. He said 
that in mini study groups, one student who was proficient in the topics being studied led the group 
and their discussions. In addition, such groups discussed the difficult science topics and questions 
from past exam papers. He also thought that mini study groups helped students develop good study 
skills and helped them to learn tips from each other. Mr. Hiru encouraged students to discuss 
abstract or complex topics (e.g., electronics) in their mini study groups.  
I form groups mixing students of different abilities. They discuss answers to the model question 
papers and past examination papers. Students ask for help from their groups as well as other groups. 
I help them when they cannot find answers to the questions within their group. (334-337) 
6.4.2.2 Group experiments.  
Mr. Hiru thought that group experiments enabled students to develop their knowledge in science 
and their social skills. He said: 
I ask students to conduct experiments as group work. Students work actively and collaboratively to 
achieve the outcomes of the experiment. For example, students plan, set up and carry out an 
experiment with the members of their group. During these activities, students have to understand 
instructions, assemble apparatus, manipulate equipment, and take and record readings, and present 
their findings as a group. They clean their work stations after completing the lab work as a team. 
(321-326) 
6.4.2.3 Group discussions. 
Mr. Hiru mentioned that he asked students in their group discussions to share their prior-knowledge 
and ideas with group members. For example, “I ask students to discuss what they know about 
photosynthesis in their groups. Students discuss what they have seen and learned before, both inside 
and out of school” (365-368). He also explained that he encouraged the students to share ideas with 
each other to gain better understandings of science concepts. 
I use group discussion to share students’ knowledge with others. For example, I ask students to 
observe a plant cell and animal cell using a microscope. I ask students to label illustrations of each in 
their notebooks and conduct a discussion on the similarities and differences between the plant cell 
and animal cell. (381-384) 
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Mr. Hiru encouraged the students to become “help seekers” and “help givers”. Help seeking has 
been identified as a self-regulated learning strategy (Karabenick, & Dembo, 2011; Zimmerman, 
1989). Greene and Azevedo (2009) have suggested that the student-initiated efforts to solicit help 
from peers, teachers, and adults helped students to cope with learning and performance difficulties 
in completing tasks. Mr. Hiru said that in his view when students shared their knowledge with 
others, they were able to use different solutions to solve a learning task. In particular, he believed 
that “more able” students could give help to those who are less able to learn.  
I ask more able students to give help to the less able students to develop their learning. For example, 
some students are good at mathematics. So they can help less able students to develop their basic 
numeracy skills. I encourage students to give help to others because help givers learn well by 
organising their knowledge [pause]. Students who share their knowledge with others may 
REMEMBER concepts and it helps them to develop their communication skills too. (191-196) 
6.4.3 Practices that assist students to retrieve knowledge. 
Mr. Hiru believed that students needed several strategies in order to learn science. He described a 
variety of memory techniques that could help students to recall science concepts and theories.  
6.4.3.1 Use of memory techniques.  
In the interview, Mr. Hiru stated that memory techniques helped students to recall concepts and to 
link new information to their prior knowledge in order to produce “good” answers. “Memorization 
techniques are helpful for students to remember scientific concepts, theories, and laws” (506-507). 
For example: 
I ask students to break down the periodic table into smaller sections to remember the groups and 
periods of the periodic table. I tell students different memory techniques to help them learn elements 
of the periodic table. For example, students can remember the first twenty elements by using a song 
such as Hi Hello Little Berry Brown Cracking Nuts On Friday. Nellie's Naughty Magpie Always 
Sings Pop Songs Clearly After… (537-542) 
Mr. Hiru also suggested that organization of learning materials enabled students to enhance their 
memory and concentration. In keeping with this belief, he encouraged students to label books, use 
files in different colours for different subjects, and use small containers to store school materials. 
Mr. Hiru encouraged students to place sticky notes on important science diagrams, and place 
formulae equations, and definitions of theories and laws on the refrigerator door, on the back of the 
bedroom door, or above their desk at home and to view them regularly. He also encouraged students 
to avoid distractions emanating from media, while they were studying. In line with the above, it 
appears that Mr. Hiru encouraged students to develop study practices in order for them to avoid 
distractions and to organise their study environment.  
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In order to remember ideas, Mr. Hiru encouraged students to take notes in note books, highlight text 
materials, and write summaries in the margins of the notebook.  
He also encouraged students to summarize what they have learned. 
I ask a few volunteer students to summarize what they learned in today’s lesson at the end of the 
lesson. Then, I ask them to write a brief summary of the lesson in their notebooks or make short 
notes [pause]. When students read a science book, journal or newspaper article, I ask students to 
summarize what they read in the passage. I encourage students to identify the main idea of the article 
and write down the unclear points. Some students clarify those later. (576-580) 
According to Mr. Hiru, the students’ use of short notes helped them to recall concepts and regulate 
their learning. “When students write a brief summary at the end of their notes and make short notes, 
it is an effective way of regulating their learning” (588-589). In addition to these practices, Mr. Hiru 
used questioning to retrieve students’ knowledge. For example, “… when I teach the concepts of 
motion, force, and velocity, I ask questions to help students recall their pre-knowledge and 
experiences that they had in Grade 9” (348-350).  
6.5 Developing Students’ Science Interests 
The second key theme Developing Students’ Science Interests referred to a variety of practices that 
the teacher used to develop students’ science interests in both classroom and out-of-school learning 
experiences. Mr. Hiru explained how he enjoyed science and explained how he was fascinated with 
science from a young age. “I’ve always been curious about the natural world, why things are the 
way they are and where it all came from. So the motivation led me to think [about the world] 
differently” (80-83). He had also achieved well in science in his own schooling. He reported, “I 
really liked science from primary school and achieved well” (89). According to Mr. Hiru, the 
positive experiences of science during childhood were influential in his becoming a science teacher.  
As an enthusiast in teaching science, he tried to develop students’ science interests. Mr. Hiru 
believed in encouraging student engagement and participation in science-related activities inside 
and outside of the classroom. He reported three ways that he developed the students’ interests in 
science. They were by: (i) engaging students with the teacher-created science equipment; (ii) 
encouraging students to observe everyday life and the natural environment; and (iii) promoting 
students’ membership of science societies and clubs in order to build networks with experts in 
science organisations.  
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6.5.1 Engaging students with the teacher-created science equipment. 
Mr. Hiru’s enthusiasm for science was also channelled into making innovative equipment for 
science experiments. Mr. Hiru engaged students with the science equipment that he had himself 
created for the students in order to develop their science interests.  
Mr. Hiru said he was keen to foster “students’ interests and understandings” (94). The key to his 
students’ success, he suggested, was also based on their willingness to “actively explore science 
subject matter and seek knowledge from various sources” (96). Thus, Mr. Hiru saw the relationship 
between himself and his students as a partnership around a common interest in science. He took 
pride in showing the researcher some teaching materials that he had created to teach his science 
lessons (see Images 6.1 and 6.2). 
 
Image 6.2. Low-cost science equipment in Mr. Hiru’s classroom. 
Sometimes Mr. Hiru said he used toys to teach science concepts and laws. For example:  
I created toys to teach Newton’s Law. Sometimes I bring in toys to explain how gravity impacts the 
behaviour to demonstrate Newton’s Law. Sometimes I bring broken equipment or toys. I ask 
students to explain the reasons why the equipment does not work. Sometimes, I ask students what we 
need to do in order to get the equipment to work properly. Sometimes some students come up with 
creative and innovative ideas. They suggest techniques to fix some of the equipment’s problems. 
(449-454) 
He not only made the equipment because of his own interest in doing so, but because it was 
necessary due to the lack of equipment in the science laboratory. His ability to “make do” (461) and 
get the best out of what was available stimulated his creativity and he seemed excited by the 
opportunities that the lack of equipment offered. “I ask myself ‘can’t I use this [abandoned or 
broken equipment] as a teaching aid? Sometimes I think how can I use such broken equipment to 
teach science concepts?” (468-469). His ability to improvise and construct teaching aids also 
benefitted other teachers because he was willing to share them with colleagues. As he stated, “I 
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have had an interest in making new equipment since my childhood. It became my hobby and I enjoy 
making and sharing it with others” (472-473). 
In addition, Mr. Hiru encouraged students to observe everyday life and the natural environment to 
spark their science interests. 
6.5.2 Encouraging students to observe everyday life and the natural environment.  
Mr. Hiru believed that science was intimately related to everyday life. He encouraged his students 
to observe and identify actions, events, or objects in their everyday lives from a scientific viewpoint 
in order to develop their science interests. In explaining everyday life, Mr. Hiru believed that 
students could relate scientific knowledge and understanding to familiar situations and to things 
(objects) that they have seen or used in their everyday lives. For example, 
I encourage students to think about the principles and concepts that are revealed by their actions and 
observations in their everyday life. Even students can develop their creative thinking and 
understanding when they observe toys. This may lead to learning science concepts and theories. (61-
64) 
Mr. Hiru believed that observing the natural environment helped students to develop their thinking. 
He described the natural environment as the outdoor locations, conditions, and materials such as 
animal habitats, environmental pollution, and soil and landscapes. He believed that when students 
observed the natural environment, they developed their thinking by linking science knowledge to 
the event or object that they had seen in the environment. Mr. Hiru stated: 
I believe science is NOT JUST A SUBJECT at school but it is a way of understanding the world. I 
also encourage students to develop their interest by observing the natural environment around them. 
Some students have creative ideas and I provide necessary guidance for them. They have the ability 
to think “out of the box” … . (75-78) 
In addition, Mr. Hiru encouraged the students to engage and participate in out-of-school learning 
experiences in order to develop their science interests. 
6.5.3 Promoting students’ membership of science societies and clubs and building networks 
with experts in science organisations.  
Mr. Hiru encouraged students to become members of different societies and clubs in the school 
such as the Science Society, Astronomical Association, and Environment Society. He believed 
participation in science-related events and programmes (e.g., Science Day) conducted by these 
societies and clubs helped create enthusiasm for science. Mr. Hiru also encouraged students to build 
networks with experts in science organisations such as the National Science Foundation and the 
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Institute of Engineers Sri Lanka. It seems that Mr. Hiru’s encouragement of students’ participation 
in science events outside the classroom assisted them to understand that science was not confined to 
the walls of the classroom, but rather permeated every aspect of life.  
In addition, Mr. Hiru encouraged his students to participate in learning outside the classroom such 
as science exhibitions, science fairs, and competitions both nationally and internationally. He 
particularly mentioned the Science Olympiad competition and Sri Lanka Science and the 
Engineering Fair. He believed that the students could apply their scientific knowledge and skills 
(e.g., problem-solving, communication, social, and teamwork skills) by participating in the Science 
Olympiad competition. Thus, it appears that Mr. Hiru exposed the students to out-of-school 
learning experiences to develop their science interests.  
In addition to helping students to develop their interests in science, Mr. Hiru helped his students to 
achieve their goals.  
6.6 Helping Students to Achieve their Goals 
The third key theme Helping Students to Achieve their Goals referred to assisting students to set 
their goals, use practices to reach their goals, and encourage students to monitor their progress. Mr. 
Hiru helped his students to achieve their goals in his science classroom. These goals relate to: (i) 
learning goals; (ii) achievement in exams; and (iii) future career goals.  
6.6.1 Learning goals.  
Mr. Hiru said that he helped students to achieve learning goals related to class lessons and units. He 
did this by encouraging them to review their understandings of the concepts at the end of each 
lesson or unit. “If something is unclear, I ask students to get it clarified before I start a new topic” 
(248). Furthermore, at the end of the year he asked his students to review their achievements and 
asked them to identify their ongoing challenges (e.g., how to improve vocabulary in science or 
further develop mathematical skills) and helped them to improve their skills to overcome these 
challenges. Mr. Hiru also asked students to set deadlines to meet their goals. These related to 
completing “the model question papers, assignments, and projects” (264). 
6.6.2 Goals related to achievement in exams. 
Mr. Hiru said he aimed to assist the students to meet their GCE (O/L) examination goals.  
Grade 10 and 11 students always expect our support to achieve the O/L exam with ‘good’ grades. I 
ask students to start their exam preparation early to avoid exam stress. I ask students to set long-term 
and short-term goals at the beginning of the year. Students list their goals. Then, I ask them to mark 
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off the goals they have achieved and have not at the end of the year. I ask the students to identify the 
reasons why these goals were not achieved. (175-179) 
He said he helped students to set “realistic goals” (170), which he described as ones that were 
achievable. He said that some less able students’ goals such as obtaining “high grades” (A or B) 
were “unrealistic” [to achieve within a short period of time]. (171) He stated: 
Some less able students set a goal of achieving an ‘A’ [grade] in science for the term tests. The goal 
is good. But this goal may not be achieved [in] a short period of time because these students often 
obtain less than 30 marks. They need to work hard to achieve an ‘A’ in a short period of time. I ask 
them to set short-term goals first. For example, this term, I will study hard to increase my marks 
from “D” to “C” or “B”. (184-188) 
In order to help the students to achieve their goals in the GCE (O/L) examination, Mr. Hiru also 
conducted after-school classes and tutorials for the students. He said that he created model question 
papers and provided the students with feedback on these questions. 
6.6.3 Future career goals.  
Mr. Hiru talked to the students about their future career goals. He said he attempted to develop 
students’ awareness about future job opportunities in science-related fields and encouraged them to 
participate in career exhibitions such as the EDEX Expo. Mr. Hiru also provided information to 
these students about the programmes and courses offered by Sri Lanka’s universities and institutes 
such as the Institute of Chemistry, Ceylon and encouraged them to set career goals according to 
their interests.  
The next key theme describes how Mr. Hiru used teaching practices to encourage his students to 
become independent learners.  
6.7 Developing Independent Learning 
The fourth key theme Developing Students’ Independent Learning mainly referred to taking 
responsibility and control of their own learning. Mr. Hiru identified some of the characteristics of 
an independent student. He referred to the importance of their acquisition of skills in planning and 
organisation, problem-solving, and time management, seeking knowledge from various sources, and 
sharing knowledge with peers. He observed: 
When students share their knowledge with their peers, it helps them to think with different points of 
view to a problem and improve thinking. Students’ prior knowledge helps them to continue with 
their learning tasks without depending on the teacher’s instruction. For example, when students can 
remember the previously learned principles, concepts and theories, they can continue their learning 
independently. (605-609) 
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Time management was identified as an important factor in independent learning. “They 
[independent students] study according to the timetable and they complete their homework and 
tutes on time” (624-625). In addition, he mentioned some personal qualities of an independent 
student such as persistence, self-confidence, motivation, and curiosity. Mr. Hiru believed that when 
students have these qualities they explored knowledge from different sources such as videos on the 
Khan Academy educational website. 
Independent students search out knowledge from various sources such as books, the Internet, 
newspapers, journals, magazines, and newspapers. They do not hesitate to ask for relevant 
information from expert peers, teachers, or any other experts who have the knowledge. They always 
clarify difficult concepts and check misunderstandings with the teacher or friends. (632-636) 
Some of the teaching practices that Mr. Hiru said he used to develop students’ independent learning 
were: (i) enabling their participation in science experiments; (ii) role-play; and (iii) encouraging the 
students’ expression of personal views. He believed that experiments were an important way for 
students to develop their independent learning. 
Sometimes I allow students to design experiments in the lab. This helps them to develop problem-
solving skills, teamwork and independent decision making skills. I ask students to change the 
experimental steps. I split the class into two groups to conduct the same experiment using different 
chemicals. Sometimes I ask students to use additional substances to do the same experiment and then 
observe the outcomes. I ask students to record observations when they perform experiments in the 
lab. (652-657) 
Apart from science experiments, Mr. Hiru said he used role-play to develop students’ independent 
learning. He encouraged students to take responsibility in their learning by writing the scripts for 
the role-plays and selecting roles.  
I use role-play to teach some science lessons. Students act as atoms, blood cells, and photosynthesis. 
I divide the class into two and I ask half of the students to watch and criticise the role-play. Then I 
swap to give them a turn. (663-665) 
He said that role-play enabled students to develop a number of skills such as planning, 
communication and collaboration. “I allowed the students to write a script for the role-play on the 
functions of the heart. Students take responsibility in role-plays. They write scripts and assign roles 
to their fellow group members”. (671-672) 
Mr. Hiru encouraged students to express their own ideas in order to develop their independent 
learning. “I give opportunities for students to freely express their views and disagreements in the 
classroom discussions. I do not interrupt when students present their views” (674-675). He 
appreciated students’ opinions as he thought these were opportunities for expression and developed 
their thinking. For example: 
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Some students try to create new devices using their science knowledge. I point out how students can 
improve their effort when they get ‘stuck’ on problems. I gradually help students to understand the 
concepts and theories by themselves. It helps students to develop their creativity and independent 
learning. Then, the students have the ability to continue their learning tasks independently. (682-686) 
He also promoted students’ independent learning by sometimes allowing students to choose group 
members with whom they can complete their assignments.  
6.8 Identifying and Supporting Students 
The fifth key theme describes Mr. Hiru’s role in Identifying and Supporting Students with different 
abilities and differences between male and female students in science. The researcher observed that 
Mr. Hiru employed additional practices to help students with difficulties.  
6.8.1 Students with different abilities. 
In his part of regular teaching practice, Mr. Hiru implemented several teaching practices when 
students had difficulty with learning in science. He said that he used teaching aids such as 
molecular models, and models of the human body and explained difficult concepts moving from 
simple to complex in his explanations.  
… I gradually explain difficult concepts. Then, less able students can also understand the difficult 
concepts to a certain extent. Students face difficulty in understanding science theories and processes 
such as photosynthesis, evolution, and the Law of Motion. (241-243) 
Mr. Hiru helped less able students to develop their basic maths skills in order to do calculations in 
science as additional support particularly for the students who were preparing for the exam. 
Some less able students have difficulty in understanding basic maths skills. I conduct an after-school 
class to teach basic maths which helps them to solve science problems. Sometimes I encourage 
expert peers to help their peers when they have free time. (230-232)  
In addition, Mr. Hiru was observed praising his students for their efforts in learning. 
6.8.2 Male and female students.  
Mr. Hiru taught at a co-educational school and he perceived several differences between male and 
female students in terms of their science achievement and interests. For example, he believed that 
girls demonstrated more interests in biology and boys showed more interests in physics. He further 
stated that girls obtained high marks in term tests in biology. He believed that girls were more likely 
to study for long periods than boys and to engage in the rote learning of facts more than boys. He 
also said:  
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Most of the boys know how to change a light bulb but many girls do not know how to replace them. 
It seems that many girls do not use knowledge electronics to perform simple tasks in the home. 
Sometimes when their [girls’] houses are set up with electrical wiring, they are not interested in 
observing how this is done. (109-112) 
Mr. Hiru said he tried to help girls by allowing students to complete activities in mixed gender 
groups. He stated: 
I always form groups mixing both boys and girls when conducting [group] experiments. So that boys 
can share their learning experiences with girls. In particular, boys have better knowledge of 
electronics than girls. (118-120) 
The next section describes the sixth key theme which was related to the Contextual Factors that 
Influence Science Teaching and Learning.  
6.9 Contextual Factors that Influence Science Teaching and Learning 
Mr. Hiru referred to several barriers that influence his science teaching. 
6.9.1 Barriers to teaching and learning. 
Mr. Hiru’s reported barriers were: (i) the lack of space; (ii) poor lighting and ventilation; and (iii) 
the paucity of resources. 
6.9.1.1 The lack of space. 
Mr. Hiru reported the size of the classroom was a barrier when teaching a large number of students.  
The size of the classroom is small and not sufficient for 50 to 55 students. Furniture is not sufficient 
in some classrooms. Many classrooms do not have SPACE to move between rows and columns of 
desks. (702-704) 
6.9.1.2 Poor lighting and ventilation. 
Mr. Hiru said that poor lighting and ventilation in the classroom influenced students’ learning. The 
researcher observed that not only the classroom but also the science laboratory was quite dark with 
poor ventilation. 
They [small windows] produce a small amount of air on hot days. I rearrange the classroom seating 
to maximize students’ attention. Sometimes sounds from adjacent classrooms disrupt both teaching 
and learning. Sometimes I ask students to move their seats away from distractions. (712-715) 
Sometimes some important information taught as part of the lessons was not visible to students who 
sat in the back rows. He said “…Before presenting the demonstration, I view the set-up from 
various points around the classroom to determine whether there are problems in viewing” (723-
724). Thus, it appears that poor lighting and ventilation affected Mr. Hiru’s science teaching. 
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6.9.1.3 The paucity of resources. 
Not only poor lighting and ventilation but also the paucity of resources were perceived as barriers to 
Mr. Hiru’s science classroom. 
I prepare the science classroom according to the existing resources. The classroom is different than 
the science lab. Sometimes classrooms only have a blackboard. Sometimes chalk and pens are not 
available. I have to bring them. Some classrooms have small whiteboards. But many classrooms 
have blackboards. The school does not have funds to buy large whiteboards. (732-735) 
Mr. Hiru also spoke about obstacles that he faced in creating hands-on learning activities in 
conducting science experiments. He emphasised the importance of hands-on activities and 
described the necessity of creating learning opportunities for the students to learn science “by doing 
rather than not by reading” (740). However, a lack of space, the large number of students, and the 
lack of equipment and materials obstructed Mr. Hiru giving hands-on learning activities to every 
student in his science class. 
6.9.2 Overcoming barriers. 
Mr. Hiru said that due to the large number of students, the classroom furniture was organised in 
rows, facing the teacher. He said that the space was not sufficient to conduct group work. In order 
to overcome this barrier he conducted group work in the science laboratory. “In the lab, flat desks 
and tables allow a group of students to work together rather than in the classroom” (752-753). 
However, he stated: 
We have only two science labs for junior level. One lab is allocated for Grades 10 to 11 and another 
lab is given for [Grades] 6 to 9. Forty periods are allocated for science practicals to Grades 10 to 11. 
We have eight classes for each grade [Grades 10 to11]. Two periods per week are allocated for each 
class. We have limited laboratory time to conduct experiments. (764-768) 
Mr. Hiru said that one of the main obstacles to incorporating technology in teaching was the lack of 
computers and multimedia projectors in both the classrooms and science laboratory.  
We do not have a computer or multimedia [projector], or access to the Internet in either the 
classrooms or lab to demonstrate science concepts. If we want to use presentations and videos we 
have to go to the main hall or IT room. Some classrooms do not have power points to use for 
electronic devices. (782-785) 
He said that teachers often shared limited resources in order to overcome difficulties.  
I share teaching aids which I have made with other science teachers. Sometimes I prepare one 
experiment for all classes. There are seven parallel classes. … I set the equipment up and 
demonstrate it to all classes. I keep the equipment in the science lab to use with other parallel grades. 
(792-795) 
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It appears that although Mr. Hiru experienced several barriers in teaching science, he tried to 
minimize these barriers by adopting several strategies. 
6.10 Summary and Conclusion 
This chapter illustrates the ways in which Mr. Hiru used various teaching practices to foster 
students’ science achievement. Mr. Hiru attempted to develop students’ science interests, helped 
students to set and achieve their goals, used teaching practices to develop students as scientific 
learners, and established a supportive learning environment to foster and develop students’ 
independent learning. However, teaching practices that are advocated for the development of 
several aspects of SRL such as problem-solving, critical thinking, and metacognitive knowledge 
and strategies in science (e.g., Schraw, Crippen, & Hartley, 2006; Sinatra & Taasoobshirazi, 2011) 
were not prominent in Mr. Hiru’s teaching practices. Perhaps Mr. Hiru would suggest that the lack 
of resources and time to complete the subject content for the teaching of science in the senior 
secondary years would be barriers to establishing teaching practices that foster SRL.  
In Chapter 7, the case study of Mrs. Hima will be presented. 
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Chapter 7:   Results of the Case Study – Mrs. Hima  
Chapter 7 presents the second case study. Mrs. Hima was one of the two teachers from the Horana 
area in the Kalutara district selected to participate in the study. This chapter will provide an 
overview of Mrs. Hima’s teaching background, the setting for the classroom observations, and a 
discussion of the six key themes that emerged from the inductive analysis of the classroom 
observations and semi-structured interview data conducted with Mrs. Hima. 
7.1 Mrs. Hima’s Background 
At the time of the data collection, Mrs. Hima had spent seven years teaching in a national school 
located in the Horana area in the Kalutara district. She was appointed to teach science in English to 
students from Grades 9 to 11. The school had seven parallel classes from Grades 6 to 11 including 
one where English was the medium of teaching. The selection of either English or Sinhala as the 
medium of instruction depended on student preferences. Mrs. Hima earned a Diploma in Science 
(English) from the Siyane National College of Education in Sri Lanka. At the time of the study, she 
was enrolled in a Bachelor of Science degree through the Open University of Sri Lanka.  
7.2 Setting  
The researcher conducted two observations of Mrs. Hima’s Grade 11 English-medium science 
class. The first observation was held in the mid-afternoon in October 2012. The room appeared 
clean and had good daylight and ventilation. There was no ceiling fan or lighting in the classroom 
which had four small windows. The tables and chairs were painted in pink. The students were 
seated at individual desks in rows facing the front. There was a narrow aisle in the middle of the 
classroom along which the students could reach their desks.  
A small white board hung at the centre of the black board. There was a statement written at the top 
of the white board “60 days more”. This represented the numbers of days until the GCE (O/L) 
exam. A small cupboard and the teacher’s desk and a chair were placed at the front left of the 
classroom. A small statue of the Lord Buddha had been placed on the top of a cupboard at the front 
left of the classroom. There were three posters hanging on the back wall comprising a timetable, 
student duty roster for cleaning the classroom, and a list of the teachers who were in charge of the 
subjects. The researcher sat on a chair in the back row of the classroom. 
The content of the first lesson observed related to the male reproductive system (biology). Thirty-
eight students (15 boys and 23 girls) participated in this lesson. The content of the second lesson 
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focused on heredity and evolution (biology). Forty-three students (19 boys and 24 girls) 
participated. Desks were segregated in the class for the boys and girls. The students were seated 
separately in rows, four rows of girls (5-6 desks in each row), and five rows of boys (3-4 desks in 
each row). The seating arrangements in the second classroom were the same as those of the first 
lesson. The interview with Mrs. Hima took place in a separate area in the staff room. 
7.3 Understanding Mrs. Hima and her Teaching Practices 
This section describes six key themes that were identified from the two classroom observations and 
the interview. They were: (1) developing scientific learners; (2) developing students’ science 
interests; (3) helping students to achieve their goals; (4) developing students’ independent learning; 
(5) identifying and supporting students; and (6) contextual factors that influence science teaching 
and learning including barriers to teaching and learning. 
7.4 Developing Scientific Learners 
The first key theme that was associated with understanding Mrs. Hima and her teaching practices 
referred to Developing Scientific Learners. She reported three practices. These were: (i) practices to 
build knowledge; (ii) practices to help students learn together; and (iii) practices that assist students 
to retrieve knowledge. 
7.4.1 Practices to build knowledge.  
The following section describes Mrs. Hima’s practices related to building scientific knowledge in 
order for students to become scientific learners. She mentioned four teaching practices that she used 
to build her students’ knowledge. These were: (i) assisting students’ to apply scientific knowledge 
to everyday life; (ii) the use of models; (iii) questioning; and (iv) demonstration.  
7.4.1.1 Assisting students to apply scientific knowledge to everyday life. 
Mrs. Hima said that one of the aims of her science teaching was to develop the students’ scientific 
knowledge. She developed students’ understanding of science by helping them apply science 
concepts, theories, and laws to everyday life. She stated: 
If they [self-motivated students] see something “new” in the natural environment, they bring it to the 
class and ask a number of questions about it. Then, I explain the scientific principles and laws related 
to the object by linking science concepts to different events that they observe. (57-60) 
Specifically, Mrs. Hima applied the teaching of science concepts to everyday life. She continued: 
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My aim is to develop not only students’ knowledge and skills but also their ability to apply 
knowledge and skills, in response to problems or events which they experience in their everyday 
lives. (26-28) 
In addition, Mrs. Hima said that she also explained abstract science concepts using everyday 
examples. She stated that some students have difficulty understanding abstract science concepts 
(e.g., atom, energy, and chromosome). She helped the students to visualize abstract concepts by 
explaining and linking them to everyday objects and experiences.  
The word “energy” is often used in everyday life. But students were confused with the scientific 
usage of the word “energy” and its everyday usage. First, I explain the concept simply using every 
day examples and then I develop students’ understandings gradually. (24-26)  
Mrs. Hima implemented several practices which she thought promoted the students’ awareness of 
the wider world and the place of science in it. For example: 
When students learn science, they know what factors affect the functioning of the human body and 
how the factors affect their health. (19-20) 
She noted that “science helps us to make sense of the universe we live in and to understand people” 
(35). She explained that students’ understandings of science were influenced by “what they 
[students] do, see and hear in their everyday lives” (41). She added: 
Students’ scientific knowledge in natural disasters helps them to take safety measures and reduce 
risk. Many people died in the tsunami [in 2004] due to a lack of knowledge and understanding…. 
(50-53) 
Mrs. Hima also developed the scientific understanding of the students by relating the socio-
scientific issues such as environmental pollution and climate change that the students experienced 
in their lives. So for Mrs. Hima, it was imperative to connect her teaching with the students’ living 
environment in the expectation that making these links would allow her students to apply the 
science knowledge to their everyday lives. 
7.4.1.2 Use of models. 
Mrs. Hima thought that the use of models helped the students to develop their understanding of 
complex science concepts. Sometimes she asked students to create their own models such as models 
of the heart and the blood circulation systems. She said that “Students can develop their abilities 
such as creativity and thinking when they make models” (70-71). In addition, Mrs. Hima 
encouraged the Grade 9 and 10 students to make science models (e.g., DNA, the human respiratory 
system, and the atom) for the school science exhibitions, believing these constructions provided 
opportunities for her students to apply their knowledge and skills. She explained, “If a student 
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brings an innovative piece of equipment [from home], I ask how did they make it and I provide help 
if they needed to improve the equipment” (84-85). However, she believed that these opportunities 
should be provided for junior secondary students (Grades 6 to 9) rather than for Grade 11 students 
because preparation for the GCE (O/L) exam was a higher priority.  
It appears that Mrs. Hima incorporated different representational modes such as models and visual 
aids into her science teaching, and she encouraged the students to make models in science in order 
to develop their knowledge.  
7.4.1.3 Questioning. 
Questioning to activate the students’ prior knowledge.  
Mrs. Hima activated the students’ prior knowledge several times during the first lesson that was 
observed. She often used questioning to activate the students’ prior knowledge in order to develop 
her students as scientific learners, as shown in in Extract 7.1.  
 
Extract 7.1. 
111. Mrs. Hima: Who can tell me what is the main sex hormone of a male? You 
112. have learned this [sex hormones of males] when you studied the endocrine  
113. system. What is the male sex hormone?  
114.  Students: Testosterone  
115. Mrs. Hima: Correct. What are the secondary sexual characteristics of the male?  
116. What do we mean by secondary sexual characteristics? [Students did not respond to her  
 question. She named the secondary sexual characteristics]  
117. Mrs. Hima: What are they?  
118. Student 1: Broad shoulders  
119. Mrs. Hima: Yes. Broad shoulders. Shoulders broaden during puberty. 
120. Mrs. Hima: What else?  
121. Student 2: Hair appears on different parts of the body.  
122. Mrs. Hima: Specially, men’s hair appears on the chest and around the sexual organs  
123. and the arm pits. Beards and facial hair appears because of the influence of the sex  
124. hormones. Anything else? 
125. Student 3: The voice becomes deep.  
126. Mrs. Hima: Why? Why does the voice deepen?  
127. Student 3: The larynx  
128. Mrs. Hima: Yes. The larynx expands and so the voice becomes deep. You have 
129. learned that before. When the larynx vocal codes lengthen the pitch of the voice 
130. decreases. So because of that the voice deepens. 
 
In Extract 7.1, Mrs. Hima activated the students’ prior knowledge (lines 111-113) and encouraged 
them to respond to one another (lines 116, 117, 120, 124, and 126). It appears that through the 
initiation-response-evaluation (IRE) pattern of questioning, Mrs. Hima sought to elicit a definition 
of secondary sexual characteristics. When this was not provided, she named the characteristics 
herself.  
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Questioning to develop students’ understandings.  
In the first observed lesson, Mrs. Hima captured the students’ attention by displaying a diagram of 
the male reproductive system at the front of the classroom. Mrs. Hima, having explained the 
importance of human reproduction, distributed unlabelled front-view diagrams of the human male 
and female reproductive systems and asked students to label the diagrams. Extract 7.2 illustrates 
how she used questioning to develop students’ understandings.  
Extract 7.2. 
132. Mrs. Hima: So the male reproductive system is used for two main functions.  
133. Mrs. Hima: Who can remember these two functions?  
134. Mrs. Hima: Write them down.  
135. Mrs. Hima: What are they? What are they?  
136. Student 4: The production of sperm.  
137. Mrs. Hima: OK. What else? 
138. Students: Transferring sperm to the female reproductive system.  
139. Mrs. Hima: Now cut out the diagram and paste it into your note book. Then, write  
140. the topic the “Human reproductive system”. Now write the sub topic “Parts of the  
141. male reproductive system”. Now let’s identify each part and its function. 
143. Mrs. Hima: Now label the main parts of the testes.  
144. Mrs. Hima: How many testes in the male human reproductive system?  
145. Students: Two 
146. Mrs. Hima: Where are they located?  
147. Student 2: In the scrotal sacs.  
148. Mrs. Hima: Why are testes located in the scrotal sacs outside of the body?  
149. Students: To maintain a lower temperature  
150. Mrs. Hima: OK. Good. Sperm production needs a temperature that is around 2° C  
151. lower than the body temperature. Who can tell me the normal temperature of a  
152. human? 
153. Student 1: 37 
154. Student 2: 98 
155. Mrs. Hima: OK. You need to mention the units. What does 37 and 98 mean? 
156. Student 1: erm… 37 degrees Fahrenheit. 
157. Mrs. Hima: What do you think? 
158. Student 2: I think 98 degrees Fahrenheit.  
159. Mrs. Hima: Any other answers? [Posed question to the whole class] 
160. Students: 37 degrees Celsius. 
161. Mrs. Hima: OK. Our normal body temperature is around 98.6 degrees  
162. Fahrenheit, that is equal to 37 degrees Celsius. But the body temperature can  
163. vary slightly from person to person. 
 
As can be seen in Extract 7.2, Mrs. Hima asked a series of questions to test the students’ 
knowledge. A large number of these questions were review questions which tested what had just 
been taught (lines 135-138, 144-149). The answers to these questions were in the textbook and the 
terms had been taught in the lesson. Mrs. Hima elicited information (to recall) (lines 135, 137), and 
activated the students’ prior knowledge (line 133). However, it appears that the majority of the 
questions led to the elicitation of low-level recalled information (e.g., “What are they?”, “How 
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many?” and “Where are they located?”; lines 135, 144, and 146). It was observed that Mrs. Hima’s 
approach of engaging in rapid-fire questioning of her students did not allow them time to think 
about the questions or to formulate responses. Indeed, the questions were posed for test or recall. 
Instant responses were expected. A different sequence was observed when the students gave 
incorrect answers to the questions (lines 151-161). For example, when this occurred, Mrs. Hima 
encouraged the two students to revisit their initial responses (lines 155-158). She posed the question 
to the whole class and encouraged the wider participation of the students when there were two 
contradictory answers (lines 159-160).  
7.4.1.4 Demonstration. 
Mrs. Hima said that she used demonstration to illustrate science concepts and theories in order to 
build students’ knowledge. For example, she explained how she used demonstration to teach 
physics.  
I taught a lesson about the specific heat capacity of water in physics. It was difficult to give the 
activity to the students to complete. I put a coil into the water and provided a current to do the 
experiment. I allowed the students to record the readings. I asked 2 to 3 students to come forward 
and take a reading from the thermometer. (172-175) 
Mrs. Hima explained her approach to demonstration. “I ask students what they think, what will 
happen next and why it happened while I perform the experiment. For example, I ask ‘Why did I do 
this step first’? ‘What did I do?’ Then, students think and answer my questions” (182-184). She 
thus focussed on encouraging students’ thinking (e.g., what was done and why). Mrs. Hima was 
disappointed that all of the students did not have equipment to conduct experiments and gain hands-
on experience. She reported that she often used teacher demonstrations in conducting experiments 
due to the lack of materials and equipment in the science laboratory and the limited time to 
complete the content of the syllabus.  
Sometimes, I use teacher demonstration rather than giving practical activity for group work due to 
the lack of materials and equipment. Students observe how I perform the experiment. It should be the 
other way around. Students can obtain more knowledge and develop their skills such as handling 
equipment when they perform experiments with themselves. (193-196) 
She said that she asked for students’ help when she performed demonstrations as far as she could to 
develop their knowledge and skills in science. 
Mrs. Hima also encouraged the students to work together (as a group) to develop their knowledge. 
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7.4.2 Practices to help students learn together. 
Mrs. Hima said she used group work to improve student participation in learning tasks and for the 
students to share their knowledge with their peers. She pointed out that “knowledge sharing is one 
of the effective ways to learn” (341-342). Sometimes Mrs. Hima asked students to create models 
such as DNA and the atom as part of group projects because she thought group work helped 
students to develop their skills. For example, “When students work in groups, they can learn from 
one another and listen to different views of others” (65-66).  
She encouraged more able students to share their knowledge with their peers, mentioning that “the 
best way of learning is to teach someone” (346). She also believed that less able students could also 
learn from more able students when they worked in groups.  
Some students are good at physics. So, I ask them to share their knowledge and experiences with 
other [less able] students. (350-351) 
When forming groups, Mrs. Hima considered student differences (e.g., girls and boys, students’ 
abilities, and interests). For example, she identified that some students did not work well in groups. 
“I identify such students and ask students to share the learning with each student [in the group]” 
(419-420). However, she reported several challenges such as the composition of the student groups. 
Sometimes Mrs. Hima selected group members because “some students who have close friendships 
often work together and they do not like to join with other groups” (428-429). She formed groups of 
male and female students to develop their learning experiences and cooperative skills. For example, 
when students undertook experiments in the laboratory, they often worked in mixed groups.  
Mrs. Hima said that she used group work in the form of discussions, group experiments, and group 
problem-solving tasks to develop students as scientific learners. These are discussed next. 
7.4.2.1 Group discussions. 
Mrs. Hima asked students to discuss and make group presentations. Some of the presentations were 
used as assessment tasks. She suggested:  
Students participate in face-to-face group discussions with their peers. They have opportunities to 
listen to each other, share ideas freely, and express their concerns or disagreements with their group 
members. Group presentations help students to develop their social and communication skills. (90-
83) 
7.4.2.2 Group experiments. 
Mrs. Hima believed that the students developed their understanding of theoretical ideas through 
practical activities such as when they engaged in science experiments. In the interview, Mrs. Hima 
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stated, “When we conduct experiments in the lab, students develop their scientific understanding 
and obtain first-hand experiences at the same time” (199-200). She added: “Students learn skills 
related to experiments and become familiar with the methods of scientific thinking” (215-216). 
7.4.2.3 Group problem-solving tasks. 
Mrs. Hima said she gave tasks to investigate problems in science and to find possible solutions to 
the problems as a group. Sometimes Mrs. Hima encouraged students to solve problems in 
classroom lessons; at other times she gave them problems to solve outside the classroom (e.g., 
addressing environmental issues such as waste management). But irrespective of the context, she 
encouraged students to think of different ways to solve problems in groups. She believed problem-
solving helped students to develop their scientific thinking and skills (e.g., analysing, planning, and 
team work). “When students undertake projects, they investigate a question and apply the scientific 
method to solve the problem” (160-161). She explained:  
I get students to solve science problem in their groups. I encourage students to think a variety of 
possible solutions to the science problem. I always say them that there is more than one solution to a 
problem. When I encourage students to think, they come up with different solutions [to a problem] 
and they become very creative in presenting their solutions. Each group of students think different 
sorts of innovative solutions to the science problem. (164-168) 
She encouraged each group of students to discuss the task, share information and ideas with their 
group members, and discuss how they could solve the problem as a group. She also said that:  
Sometimes several factors caused a problem. I ask each group of students to think about the different 
aspects of a problem and draw a picture or diagram to analyse the problem from different point of 
view. (153-155)  
In order to develop students as scientific learners, Mrs. Hima assisted students to retrieve 
knowledge. These are reported next. 
7.4.3 Practices that assist students retrieve knowledge. 
7.4.3.1 Use of memory techniques.  
Mrs. Hima believed that memory techniques were important for students to organise their learning 
and for the retention of concepts as part of preparing for the exams. In order to retrieve information, 
she encouraged the students to take notes while reading science books, and asked them to read their 
notes on the same day.  
Students can enhance their memory when they read their notes on the same day. Then students can 
understand what aspects are unclear for them. They can solve these problems without waiting for the 
exam. (249-251) 
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In the second lesson that was observed, Mrs. Hima encouraged the students to memorize the 
concepts that were taught (see Extract 7.3). 
 
Extract 7.3. 
108. Mrs. Hima: Now we are going to learn about Mendel’s experiment. Now I explained  
109.  to you that Mendel selected suitable organisms for his experiment. 
110. Mrs. Hima: What is the organism that he selected? Ah 
111. Students: Pea plant 
112. Mrs. Hima: Yes. He selected the pea plant. What is the scientific term for the  
113. pea plant? 
114. Students: Pisum sativum. 
115. Mrs. Hima: Good. You have to remember that scientific term. Now I explained 
116. why he selected the pea plant. I gave you several reasons. OK Now let’s see 
117. whether or not you can remember them. Now write them down. 
 
As can be seen in Extract 7.3, Mrs. Hima asked questions to check students’ recall (lines 110, 112). 
A closer examination of these questions suggests that her questioning followed the IRE pattern and 
focused on students’ retrieval of knowledge and promotion of recall rather than the promotion of 
the construction of knowledge. It appears that Mrs. Hima adopted a teacher-centred approach to 
teach the lessons that were observed. Her ways of questioning (predominantly the use of the IRE 
pattern) may also have impeded the students’ ability to develop their conceptual understandings. 
Some question types (in Extracts 7.1, 7.2, and 7.3) appear to be used to check the students’ prior 
knowledge and memorization. Mrs. Hima controlled most of the learning tasks including “spoon-
feeding” them with dictated notes that students were expected to copy faithfully.  
In addition to the use of memorization practices in the observed lessons Mrs. Hima dictated her 
notes to the students. 
7.4.4 Dictating notes.  
In the two observed lessons, Mrs. Hima dictated her notes and prescribed how these were to be 
written into the students’ notebooks. For example, in the first observed lesson, she explained the 
different parts and functions of the male reproductive system to the students. During most of the 
explanation she dictated the notes which the students wrote in their notebooks. She required 
students to write the topic, “Human reproductive systems” at the top of the page and then asked the 
students to write “Parts of male reproductive system” as a sub-topic (152). While reading her notes 
aloud, she explained, step-by-step, how the notes needed to be written in the students’ notebooks. 
For example, “OK. Now let’s write down about the sperm”, “Write a sub-topic sperm”, “Then, 
write in a new line” (234-236), and “Write down as a paragraph” (249). In the first observed lesson, 
she allowed students to take their own notes only in a few instances. Mrs. Hima believed that 
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independent learning benefitted only those very high-ability students. She repeatedly mentioned that 
some of her students (particularly, the less able students) were very passive and needed the 
teacher’s help. Mrs. Hima believed that teacher-dictated notes helped the less able and the students 
who demonstrated English language difficulties to learn science concepts and to prepare for 
examinations.  
The next section explains her reported teaching practices that develop students’ science interests.  
7.5 Developing Students’ Science Interests  
The second key theme that was associated with understanding Mrs. Hima and her teaching practices 
referred to Developing Students’ Science Interests. She provided learning opportunities by 
organising activities out-of-the school (e.g., visiting science related-institutions, botanical gardens, 
wetlands, and the zoo), and by providing hands-on learning activities in order to develop students’ 
science interests. 
7.5.1 Providing out-of-school learning experiences.  
Mrs. Hima said that she used learning tasks such as fieldtrips outside the classroom to develop her 
students’ interests, curiosity, and positive attitudes towards the environment. She claimed that 
“Students can gain knowledge and experiences by exploring biological and ecological issues on 
site” (446-447). She mentioned: 
When I teach biology of plants lesson [pause] for example, agents of seed dispersal, I ask students to 
collect different varieties from the natural environment. I ask students to identify plants that disperse 
seeds by wind and by animal. (453-455)  
Mrs. Hima also organised fieldtrips to see science-related institutions such as the Arthur C. Clarke 
Institute for Modern Technologies at Moratuwa, Sri Lanka. She believed that students can develop 
enthusiasm for science by participating in astronomy lectures and telescope demonstrations 
conducted by the staff of the Institute. She also encouraged students to connect with the experts in 
science-related fields, through the National Science Foundation or Young Zoologists’ Association. 
She believed that the students retained information better when they were outside the classroom 
than when they were in the classroom. It appears that Mrs. Hima tried to develop students’ 
understanding of science concepts by linking science to their out-of-school learning. 
7.5.2 Providing hands-on learning activities.  
Mrs. Hima also emphasised the use of hands-on learning activities (learning science by doing and 
observing) helped students to develop their interests, knowledge, and skills. She believed that 
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hands-on activities with plants, animals, and scientific equipment developed the students’ science 
interests. 
Students can understand and discover scientific concepts on their own when they engage in hands-on 
activities. Sometimes I allow students to create scientific experiments in the lab. Students performed 
experiments using their prior knowledge and experiences. It helps them to develop their science 
interests and understandings. (481-484) 
The next key theme describes how Mrs. Hima helped her students to achieve their goals. 
7.6 Helping Students to Achieve their Goals  
The third key theme that was associated with understanding Mrs. Hima and her teaching practices 
referred to Helping Students to Achieve their Goals. She helped her students to achieve their: (i) 
learning goals; (ii) goals related to achievement in exams; and (iii) future career goals. She 
described the processes she used by which these goals could be reached.  
7.6.1 Learning goals. 
Mrs. Hima explicitly identified the goals of each observed lesson. For example, with respect to the 
first lesson (male reproductive system), she said “OK. Today we are going to learn about the male 
reproductive system” (29). She also mentioned future lesson goals. For example, she said 
“Tomorrow we will learn about the female reproductive system” (32) and “In the next lesson you 
will learn about how sperm is produced” (155). In the second lesson that was observed she said, 
“We will learn about how Mendel did an experiment to determine the process of passing down 
characteristics from one generation to another” (50).  
Mrs. Hima said that she helped the students to achieve particular learning goals related to task 
achievement.  
Sometimes I ask students to conduct a project related to environmental issues such as garbage or 
water pollution. Many students have doubts that they can finish a project prior to the deadline. I help 
students to break the project into short-term goals. If students have a 4-week period to complete the 
project, I help students to select a site, conduct research, and write an outline. I discuss this with the 
students and check on their progress towards completing the project. (105-109) 
In addition, Mrs. Hima encouraged the students to create a concept map to assist them in clarifying 
and constructing their personal learning goals.  
7.6.1.1 Concept maps. 
Mrs. Hima asked students to visualise their learning goals. For example: 
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I ask students to construct a concept map to illustrate what it would be like to have reached their 
learning goal and the process they can follow to get there. This provides a clear guideline so they can 
achieve their learning goals. For example, when students are in Grade 10, I ask them to develop a 
study plan to prepare for the Grade 11 examination. (115-118) 
She believed that concept maps helped students to evaluate their learning progress and to “see the 
relationship between concepts” (125). Mrs. Hima also encouraged students to draw concept maps at 
the end of each unit “so that I can check whether they have achieved the expected learning 
outcomes or not” (129). It seems that Mrs. Hima guided and engaged her students in a “planful” 
process believing that the students could achieve their goals.  
7.6.2 Goals related to achievement in exams. 
Mrs. Hima thought that the primary goal of most students was to pass the GCE (O/L) examination 
with high grades. To assist them to achieve this goal, she said the students were required to read 
their science textbooks, the teacher’s notes, and write answers to the questions elicited from past 
examination papers. Mrs. Hima said she encouraged students to “look at all of the questions on a 
specific topic from the past five years of the GCE (O/L) science exams and prepare answers 
accordingly” (136-137). She asked students to discuss any difficult questions with their peers and 
she said she provided feedback to the students who experienced problems or misunderstood the 
questions. In addition, she conducted after-school classes and discussed model question papers to 
prepare students for the exam. 
7.6.3 Future career goals. 
Mrs. Hima encouraged the students to identify their individual goals in learning science and 
develop their awareness about future courses and jobs related to these areas.  
I ask students to write precisely their individual learning goal for learning science and I explain 
different ways that they can achieve them. For example, some students want to achieve high marks 
in chemistry or physics. I tell them about different courses, programmes, and jobs that are related to 
these fields. (143-146) 
She believed that the students’ goals helped them to set their future career goals.  
Students’ knowledge and skills in science may help them to select jobs associated with science such 
as telecommunication, agriculture, medicine, and bio-technology. I encourage students to set career 
goals to help them to identify possible future job opportunities in science. (132-134) 
This appreciation and understanding of the potential of her students to secure a career in a 
specialized field prompted her to make the connection between learning and future career 
expectations. 
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The next section explains Mrs. Hima’s reported teaching practices that foster students’ independent 
learning. 
7.7 Developing Students’ Independent Learning 
The fourth key theme that was associated with understanding Mrs. Hima and her teaching practices 
referred to Developing Students’ Independent Learning. In Mrs. Hima’s view, developing 
independence in learning meant “helping students to become independent learners who take 
responsibility for their learning” (360). She believed that independent learners know what they need 
to do next to improve their achievement. In particular, she asked the students to complete past exam 
papers, write answers to the model question papers, and complete exercises in the textbook. She 
thought these tasks would help them to monitor their own progress to revise their study plans 
accordingly. 
In giving learning tasks, she thought that students must have opportunities to “explore” knowledge 
independently without being dependent on teacher instruction. Her experiences with students 
informed her that some students who were self-motivated worked independently, only drawing 
upon the teacher’s help when needed. However, she said that only a small number of her science 
students (approximately 15 out of 43) demonstrated an interest in learning independently. She 
believed that the inability of the majority of her students to do so might be due to the students’ 
doubts and anxieties about their own abilities to learn independently and that they had a “learned” 
dependency on the teacher’s instruction.  
Most of the students prefer to depend on my instruction. They wanted to be told what they have to do 
next. They have doubts or anxieties on their own abilities and they do not make their own effort to 
learn without my support. They are so used to the teacher-centred [learning] from their primary 
school. It’s difficult for us to make that change now. (371-374) 
Mrs. Hima believed that independent learners identify and select relevant learning resources to 
enhance their learning. She also pointed out that English-medium students were self-motivated to 
read learning materials. She explained that most of the English-language science books were 
illustrated with colourful images, diagrams, and contained CDs with interactive activities and visual 
demonstrations, so, the English-medium students were motivated to read them. She thought that 
“Sinhala-medium students held a ‘fear’ of English and they did not borrow English books from the 
library” (391-392). 
She also believed that independent learners identify and seek social support for their learning. Mrs. 
Hima encouraged the students to seek knowledge from different sources such as expert peers and 
adults, and the mass media—including the Internet. One example she cited was: “I encourage 
students to improve their knowledge by talking to an electrician and a construction worker if they 
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are working in the students’ homes” (402-403). Mrs. Hima also encouraged student independent 
learning to use a variety of materials such as reading supplementary books, science journals, and 
browsing information via the Internet to seek knowledge and improve their English. She observed 
that many English-medium students used the Internet for academic purposes such as writing 
assignments. Another opportunity used by Mrs. Hima to encourage student independence was 
through encouraging her students to create a glossary of unfamiliar vocabulary with the expectation 
that they would update this record of terms as they read books and watched science-related TV 
programmes.  
7.8 Identifying and Supporting Students 
The fifth key theme that was associated with understanding Mrs. Hima and her teaching practices 
referred to Identifying and Supporting Students. This theme describes how Mrs. Hima identified her 
students’ abilities and language difficulties. She believed that the identification of students’ 
language difficulties and abilities was an important consideration for teachers when designing 
learning tasks. However, she identified two main problems related to her students’ science learning. 
7.8.1 Students with different abilities. 
Mrs Hima referred to students as “low”, “middle”, and “high” in academic ability. She said that the 
majority of students in her Grade 11 class were high-ability students because they were “high 
achievers” in the Grade 5 national exam (the exam is competitive and the scores are used to 
determine whether or not a student can enrol in a “prestigious” national school). However, she 
recognized that a few of her students were less able. Mrs. Hima stated: 
High-ability students grasp the knowledge quickly. But there are some students with low abilities in 
my class and they need more time to understand science concepts. (264-265) 
Mrs. Hima claimed she set different learning tasks for students with different abilities and provided 
extra support and time to complete learning tasks that were appropriate for the different abilities of 
her students. 
7.8.2 Students with language difficulties. 
Mrs. Hima had taught science to the same group of English-medium students from Grade 6 to 11. 
She said that this continuity with the same group of students helped her to identify each student’s 
learning abilities and skills from the earliest grades. She identified differences between those 
students receiving instruction in Sinhala and those being instructed in English. She considered that 
many of the English-medium students were “more motivated to learn” (275), they were “more 
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likely to learn independently” (279), and they were also able to “understand science concepts 
quickly” (284) when compared with the Sinhala-medium students. Another opinion she held was 
that bilingual students were “more likely to develop their thinking and concentration” (292) 
compared with Sinhala-medium students. Mrs. Hima did, however, note that some students (e.g., in 
Grades 6 to 9) experienced problems in using English to learn science because these students had 
only started to learn in the English-medium in Grade 6. Mrs. Hima explained how she overcame the 
language difficulties of her students. 
I often use the bilingual method to teach science. First, I teach in Sinhala and then I teach the same 
concepts in English. I do not worry when students make mistakes when they use English. I aim to 
develop students’ [science] concept formation in English. So, some students do not perform well in 
Grades 6, 7 and 8. I also have to spend more time and effort to teach them bilingually. But when 
students are in Grades 9 to10 and 11, their knowledge of English has developed. (312-317) 
It was observed that when Mrs. Hima taught abstract science concepts in biology she used Sinhala 
terminology first and then referred to English terminology. Sometimes she used the blackboard and 
wrote spellings of words such as “Spermatic Duct” and “Seminal Vesicle”. Many national schools 
have opted to offer English as the medium of instruction from the junior secondary level (one class 
in each Grade from 6 to 13) due to the great demand for students with high English proficiency in 
the job market in Sri Lanka. However, it seems that English may be a barrier for some students to 
learn science effectively. 
The next section describes the sixth key theme which was related to the Contextual Factors that 
Influence Science Teaching and Learning.  
7.9 Contextual Factors that Influence Science Teaching and Learning  
7.9.1 Barriers to teaching and learning. 
Mrs. Hima identified four barriers to her teaching such as: (i) the overloaded syllabus; (ii) the lack 
of space; (iii) the paucity of resources; and (iv) the problems with the science textbooks.  
7.9.1.1 The overloaded syllabus. 
Mrs. Hima said that the overloaded content of the syllabus was one of the barriers in her science 
teaching and learning. Mrs. Hima stated that she could not give students adequate time to develop 
their skills. “I have to complete the syllabus in order to prepare students for the exam” (512). She 
argued that the syllabus content needed to be reduced in order that more time might be dedicated to 
engaging in learning activities that developed the students’ thinking. Both students and teachers, she 
believed, found the crowded syllabus to be a “burden” (515). Mrs. Hima appeared to feel pressure 
to complete the syllabus on time. “Completion of the large syllabus is stressful for me and as well 
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as the students” (526). She also explained that the syllabus influenced students’ future subject 
selection. “Many students would like to learn science for their future studies. But they become fed-
up with science due to the large syllabus” (545-546). Mrs. Hima also said that she faced difficulties 
in completing her lessons, especially in having students complete experiments due to limited time.  
Some experiments take more time to see the outcomes. Then, we are “helpless” because we cannot 
do the experiment in the classroom. Then, another teacher arrives for the next lesson [in the lab]. We 
cannot leave the lab without observing the outcomes but the other teacher also needs to use lab. 
Sometimes teachers argue about reserving the lab for their teaching. (565-568) 
Sometimes she changed or moved the planned lesson to another date in order to use the lab for her 
teaching which meant that “the flow of the lesson was changed” (573). She also mentioned that 
time constraints influenced her ability to teach less able students.  
Less able students need more time to understand difficult concepts. But I have to move the lesson 
forward whether or not they understand because I cannot spend more time with less able students. 
(585-586) 
The lack of time to complete the science syllabus influenced Mrs. Hima’s science teaching practices 
such as giving more opportunities to engage in hands-on activities and accompanying students on 
fieldtrips. Although Mrs. Hima valued hands-on learning, she commented that she could not use as 
many hands-on activities due to the limited time. She also stated that fieldtrips were only organised 
annually because of the large number of students and the time needed to organise these trips. 
7.9.1.2 The lack of space. 
Mrs. Hima identified the lack of space to accommodate a large number of students in her classes as 
an obstacle to her teaching effectively, explaining “I cannot focus attention on every student. It is 
difficult to teach 43 students with one teacher” (615). Another issue pertaining to the large number 
of students was that it was difficult to provide equipment for all the groups. As she explained: 
I previously taught [name] school for my teaching practice. There were 30 students in a classroom. I 
was able to have equipment for every group so they could to complete the experiments. I helped each 
group to conduct the experiments. But I cannot use these methods in this school. (626-628) 
Based on the lesson observations, it appeared that the large number of students influenced the 
classroom seating arrangements and, in effect, hindered communication and social interaction. Due 
to the “front facing” seating arrangements, many of the students were not able see each other’s 
faces and hear each other’s responses. Desks were not organized in a way that facilitated effective 
communication or social interactions (e.g., circle or horseshoe). Moreover, the physical distance 
between Mrs. Hima and the front of the room and the students was an obstacle to establishing 
effective communication. In the lesson observations, it was noted that some of the students did not 
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answer questions and appeared to hide behind others. Several of the students were not visible to 
Mrs. Hima. 
7.9.1.3 The paucity of resources. 
Mrs. Hima spoke about the paucity of resources.  
Our school is one of the best [national] schools in the Kalutara district. But when I compare the 
school with other schools in Colombo, we do not have adequate facilities. I can teach easily in a 
small school because there are few students. There the learning resources are sufficient for every 
student. (655-658) 
She also noted that the laboratory facilities were insufficient for the students to conduct the 
experiments. Mrs. Hima explained that the allocation of the science laboratory periods (two for each 
class per week) was insufficient to complete all the experiments as every teacher required the same 
apparatus “so the equipment is not available for my class when I teach” (693). Mrs. Hima said that 
she had to use teacher demonstration due to the lack of materials and equipment in the science 
laboratory.  
Chemicals and apparatus. 
Mrs. Hima said some of the chemicals and apparatus were not available in the laboratory. She also 
mentioned that sometimes equipment was available but there was not enough to distribute to each 
group.  
I teach students about homogeneous and heterogeneous mixtures. Students are required to examine 
their properties and classify them according to different types. If I ask students to conduct the 
experiment, I need to provide relevant equipment such as beakers, test tubes, burners and chemicals 
for each group. (718-721) 
However, the lack of equipment was also an obstacle to students obtaining first-hand experiences in 
using apparatus. While Mrs. Hima was aware of the necessity of giving the students’ first-hand 
experiences in the use equipment in the lab, she was nevertheless forced to admit “… we are also 
helpless due to a lack of resources” (735). Mrs. Hima mentioned that she minimized the obstacles of 
conducting experiments in the lab by sharing equipment with other sciences teachers. Sometimes 
she borrowed equipment and chemicals from another laboratory (e.g., Advanced level science) 
when they were not available in the junior science laboratory.  
Lack of computers. 
Mrs. Hima observed that the lack of computers in the lab and classroom was the main barrier to 
incorporating technology in her science teaching. She said the ICT lab had around 20 computers for 
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both GCE (O/L) and GCE (A/L) students, and it was fully booked in all eight periods of the school 
day for the students who studied ICT.  
Our school has a multimedia projector, but it cannot be used in classroom teaching because we have 
to have it in the ICT lab. The time is not sufficient for me to accompany students to another place 
and use the equipment there. (755-757)  
She also said the school did not have the Internet facilities at all due to the “high” cost.  
7.9.1.4 The Problems with the science textbooks. 
In Mrs. Hima’s Grade 11 class, three textbooks, one for each discipline: biology; chemistry; and 
physics were used. The students were expected to learn the content of these textbooks within a year. 
Mrs. Hima said that “students are afraid when they see the size of the textbooks” (772). Textbooks 
seemed to play an integral role in the science classrooms in Sri Lanka. Students and teachers use 
science textbooks in their daily learning and teaching. However, Mrs. Hima reported that there were 
problems associated with the textbooks. These included spelling errors and discrepancies between 
the syllabus and the textbooks such as differences in the figure representations and detailed 
information of science concepts in the English-medium compared with the Sinhala-medium 
textbooks. She noted that “The new curriculum was introduced in 2007 but there are still some 
mistakes” in the textbooks (783). She also argued there should be more activities and exercises that 
provided students with opportunities for more independent learning and which would enable them 
“to select the activities that are more interesting according to their preferences” (792). 
7.10 Summary and Conclusion 
Mrs. Hima’s teaching practices when developing students’ science interests, helping students to 
achieve their goals, and encouraging students to become independent learners appeared to focus 
mainly on trying to complete the syllabus on time and prepare the students for the exam. It seems 
that the overloaded science syllabus, time constraints, and limited resources were “tensions” for 
Mrs. Hima. These may have been barriers to employing a more student-centred learning approach 
that facilitated SRL.  
In Chapter 8, the case study of Mr. Kuma is presented. 
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Chapter 8:   Results of the Case Study – Mr. Kuma 
Chapter 8 presents the third case study—Mr. Kuma. He was a teacher from the Panadura area in the 
Kalutara district. This chapter will provide an overview of Mr. Kuma’s teaching background, the 
setting for the classroom observations, and a discussion of the five key themes that emerged from 
the inductive analysis of the classroom observations and semi-structured interview data conducted 
with Mr. Kuma. 
8.1 Mr. Kuma’s Background 
Mr. Kuma has spent 33 years teaching in schools located in the Kalutara district. At the time of the 
study, he was the Teacher-in-Charge of the senior secondary (Grades 10-11) science laboratory in a 
boys-only school located in the Panadura area. He had worked there as a science teacher for more 
than 10 years. He had a Certificate from the Maharagama Teachers College, Sri Lanka. He was also 
working as a private tuition teacher in science.  
8.2 Setting 
The two classroom observations of Mr. Kuma’s Grade 11 classes were conducted in the junior 
laboratory (Image 8.1). The laboratory was a spacious room located on the first storey of a 
classroom block. There was a blackboard at the front of the laboratory. The flat-topped tables were 
arranged in rows. Students were seated in eight groups, organised in four on the left and four on the 
right hand sides of the room. There were five cupboards, a large table with chairs, a teacher’s desk 
and a chair. A yellow coloured LP gas tank had been placed beside the teacher’s table. A 
microscope stood on the right hand side of the table. Photos of animals (e.g., goat, spotted deer) and 
plants (e.g., coconut, jack tree) hung on the walls. Each photo was labelled with its scientific name. 
A calendar, timetable, diagrams of the blood circulation system, respiratory system, structures of 
the eye, ear, heart, and plant cell, a model of electrical circuit, switchboard, and samples of different 
mineral sands were displayed on the front and back walls. 
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Image 8.1. Front wall of the science laboratory. 
During both observations, the researcher sat on a chair located at the rear of the laboratory. The 
content of the first lesson that was observed related to the sexual reproduction of flowering plants 
(biology). For this lesson, 24 boys were seated at tables arranged in four groups. The content of the 
second lesson focused on agents for fruit and seed dispersal (biology). Twenty boys were seated in 
four groups. The interview took place in the junior science laboratory. 
8.3 Understanding Mr. Kuma and his Teaching Practices  
This section describes five key themes that were identified from the two classroom observations of 
Mr. Kuma’s teaching of his Grade 11 science class and the interview. They were: (1) developing 
scientific learners; (2) developing students’ science interests; (3) helping students to achieve their 
goals; (4) identifying and supporting students; and (5) contextual factors that influence science 
teaching and learning including barriers to teaching and learning, and the influence of private 
tuition. 
8.4 Developing Scientific Learners  
The first key theme that was associated with understanding Mr. Kuma and his teaching practices 
referred to Developing Scientific Learners. Mr. Kuma’s teaching practices to develop students’ 
conceptual understanding of science were categorised into two themes: (i) practices to build 
knowledge and (ii) practices to help students learn together.  
8.4.1 Practices to build knowledge. 
Mr. Kuma reported that he used three practices to teach science concepts in order to build students’ 
knowledge. These were: (i) assisting students to apply scientific knowledge to everyday life; (ii) 
questioning; and (iii) demonstration. 
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8.4.1.1 Assisting students to apply scientific knowledge to everyday life. 
The application of scientific knowledge to everyday life was central to Mr. Kuma’s science 
teaching practices.  
Science teaching means not only books. Students need science when they go home. So I always try 
to link science with day-to-day life to develop their interests. (24-25) 
Mr. Kuma helped the students to apply scientific concepts, principles, and laws “in a way that the 
students can use them in their everyday life events effectively” (28). For example, he explained that 
“When I teach the concept of plant pollination, I teach students how the knowledge could be used to 
improve the harvest in the home garden” (37-38).  
I have observed that many people do not like to prune a plant. Then, the tree grows taller. I teach 
students how to remove the tip of the shoot in a plant to increase the harvest. I tell students to pinch 
out the tip of the first flowering shoots of the chilli plant to promote more branching and to increase 
the harvest. If there is only a single branch, there will be fewer chillies. If the chilli plant has multiple 
branches, it may produce around 10 chillies. (42-47) 
He promoted students’ awareness of health and wellbeing through science.  
When I teach the food digestive system, I teach about the importance of healthy eating habits. For 
example, I link students’ knowledge about glucose levels in blood to the prevention of Type 2 
diabetes and the importance of changing our life styles… (243-245)  
He developed the students’ knowledge in electronics using examples based on their learning 
experiences in the home. For example, “When I teach electronic circuits, I recall the students’ pre-
knowledge about function of switches in the home electric circuits, such as trip switch, main switch 
…” (196-197). 
It appears that Mr. Kuma’s overarching goal for his science teaching was to develop the students’ 
knowledge assisting them to connect this knowledge to their everyday lives or to use knowledge 
from their learning in the classroom.  
8.4.1.2 Questioning. 
Mr. Kuma stated that he used questioning to activate the students’ prior knowledge as well as to 
develop the students’ knowledge in science. With respect to activation of the students’ prior 
knowledge, he explained: 
First, I ask questions to recall students’ previously learned concepts. I try to understand their level of 
understanding. I teach new concepts on the basis of their existing knowledge and understandings. 
For example, if I teach about “force”, I ask questions to recall students’ previous knowledge. For 
example, I ask how they [students] learnt about force in previous grades. On the basis of the students’ 
answers, I explain the new concepts. (142-145) 
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He also used questioning to check the students’ understandings of concepts during and at the end of 
lessons. In one of the observed lessons, he helped the students to activate their prior knowledge 
about symbols of the floral formula. He reported, “They [students] learnt about floral formula in 
Grade 9. But there were only a few students who remembered the symbols” (222-223). Thus, he 
asked questions to elicit what the students already knew about the concepts and encouraged them to 
elaborate on their answers. 
The following extract illustrates how Mr. Kuma elicited the students’ knowledge through 
questioning. 
 
Extract 8.1. 
33. Mr. Kuma: Now we will learn about benefits of each part to the flower.  
34. Mr. Kuma: What is the advantage of having the calyx [to a flower]?  
35. Student 5: For protection 
36. Mr. Kuma: Yes. Protection. Can you explain how it gives protection? 
37. Student 5: It gives protection to the young flower bud.  
38. Mr. Kuma: OK. What would be the advantages to the flower when its petals  
39. are colourful? 
40. Student 4: It helps to attract more insects  
41. Mr. Kuma: Good. It helps to pollinate. Can you give me some examples of  
42. pollinators?  
43. Student 1: Bees  
44. Mr. Kuma: Yes. Bees are the most familiar pollinators. Can you tell me  
45. some other pollinators? 
46. Student 2: Butterflies  
47. Students 3: If the flower smells pungent odour. It also helps to 
48. pollinate. Isn’t it?  
49. Mr. Kuma: Yes. Usually, bees and butterflies visit sweet smelling 
50. flowers… 
51. Mr. Kuma: OK. Now I will give you 10 minutes to discuss with your groups 
52. and complete the activity in the task card. 
 [He distributed a task card which contained the structure of the flower (e.g., Calyx/ 
 Sepals, Petals, Stamens, Anthers, Stigma, and Ovary) and its function] 
 
In Extract 8.1, Mr. Kuma asked questions to elicit responses requiring direct recall from memory or 
explanations cited explicitly in the science textbook (lines 34, 36, 38). He typically asked questions 
to find out what the students already knew (lines 41-45). Sometimes a student asked questions and 
Mr. Kuma responded (lines 47-49). On a few occasions, Mr. Kuma asked the students for their 
points of view and explicitly took account of them. For example, Mr. Kuma asked other groups of 
students whether they agreed with other students’ ideas or not.  
In the first lesson that was observed, Mr. Kuma explained the goal of the lesson and activated the 
students’ prior learning. He emphasised the importance of memorising the concepts to prepare for 
the exam and asked the students to highlight key concepts to remember them easily. Sometimes he 
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allowed the students to make their own notes. It appeared that Mr. Kuma activated the students’ 
prior knowledge to help the students prepare for the exam.  
8.4.1.3 Demonstration.  
Mr. Kuma reported that he used demonstration to teach science concepts. Mr. Kuma said that he 
had to use demonstration in the laboratory when science equipment and chemicals were limited.  
Many students face difficulties in understanding electrolysis. I often explain reactions of electrolysis. 
I helped students to identify the anode and cathode in electrolytic cells and process of oxidation and 
reduction. Next, I show them how to fix a battery and bulb, and two copper plates. I ask students 
what is anode and what is cathode? Then students explain about anode and cathode. (212-216) 
In addition, he believed that teacher demonstrations, in contrast to group work, saved time. Mr. 
Kuma said that he used models of electric motor and electric circuits, while demonstrating abstract 
science concepts in physics.  
The next section describes how Mr. Kuma used practices to help students to learn from one another 
in order to build their knowledge.  
8.4.2 Practices to help students learn together.  
Mr. Kuma reported that he used group work in two ways: (i) group discussions and (ii) group 
experiments.  
8.4.2.1 Group discussions.  
Mr. Kuma put a high value on group work and believed that it helped to develop the students’ 
active participation in learning tasks. He also believed the students’ group discussions provided 
opportunities to students to share their learning experiences with their peers, and to improve the 
students’ skills such as communication, time management, and social skills. He also believed that 
these discussions helped the students to learn turn-taking and promoted the sharing of different 
views with peers. 
I give students group work to encourage in learning. I give them opportunities to complete activities 
as a group. Then, students can share different views. Students listen to others’ views and they 
express many different point of views. Sometimes they argue [amongst themselves] they participate 
in group activities. (170-173) 
Sometimes, he provided a topic prior to the lesson and asked the students to read and think about 
the topic. “I give time for the students to think. Then, I ask students to discuss with their peers what 
they know about the concept/theory” (175-176). Mr. Kuma created opportunities for the students to 
learn from their peers. He asked the science subject leader to initiate an activity such as writing 
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answers to the past exam papers, discussing difficult science concepts, or solving chemical 
equations. 
The next section describes an observation in Mr. Kuma’s Grade 11 biology class as the students 
participated in a group discussion about dispersal of seeds and fruits. 
In the second lesson, Mr. Kuma distributed four task cards, science newspaper articles, and seeds to 
each group (e.g., Olinda, [Abrus precatorius], Madatiya [Adenanthera pavonine], Naga darana, 
[Martynia annua], Edaru [Ricinus communis], Kaduru [Strychnos nux vomica], Wara [Calotropis 
procera], and rubber seeds). Each group of seeds had a different dispersal mechanism: animals; 
water; wind; and self-dispersion. He asked each group to explain how they thought the fruit or seeds 
were dispersed and asked the students to select a strategy of adaptation (such as having hooks or 
spines, wings or fluff) that allows the fruit or seed to be successfully dispersed. Then, he asked the 
students to fill in the task card about references to structure of seed/fruit, its adaptive strategy of 
dispersal and then to write other examples of them. Mr. Kuma gave 15 minutes to each student 
group (A, B, C, and D) to share their views about one of these four main mechanisms and how they 
contributed to the dispersal of seeds and fruits. Each student group discussed examples from four 
main types of seed in terms of structure and how the structure fitted with the means of seed 
dispersal. Mr. Kuma listened to each group and encouraged every student to participate in the group 
discussions. Some students asked questions to clarify their answers. After the group discussion, he 
led a further discussion in the form of questions and answers in order to summarize how each agent 
contributed to seed dispersal. Mr. Kuma focused the class discussion on the similarities and 
differences among the seeds and how the structure of the seeds helped to determine the method of 
seed dispersal. At the end of the class discussion, he summarised the groups’ findings and then the 
students made their own notes. This example shows how Mr. Kuma interacted with the students 
during group discussion, supporting them, and encouraging their sharing of ideas. 
8.4.2.2 Group experiments.  
Mr. Kuma also believed that experiments helped the students to develop their scientific skills in 
collecting data, analysing results, and making predictions. He also explained several advantages of 
conducting science experiments. 
Science experiments are essential to conduct in science because it helps students to remember the 
concepts. When students conduct experiments, they actively engage in learning. When students 
conduct experiment, they can obtain first-hand experience. They observe outcomes and they record 
outcomes. Students can develop their logical thinking. Sometimes they make mistakes. It also helps 
them to learn. (277-282) 
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Mr. Kuma asked the students to conduct science experiments in groups and discuss questions that 
arose while they were working.  
8.5 Developing Students’ Science Interests  
The second key theme that was associated with understanding Mr. Kuma and his teaching practices 
referred to Developing Students’ Science Interests. Mr. Kuma described three strategies that he used 
to foster students’ science interests. These were: (i) providing out-of school learning experiences; 
(ii) maintaining an indigenous herb garden; and (ii) making science equipment. 
8.5.1 Providing out-of-school learning experiences.  
Mr. Kuma believed that out-of-school learning experiences helped the students develop their 
scientific knowledge, their attitudes, and skills. He wanted to inculcate “environmentally-friendly 
attitudes” (positive attitudes towards the natural environment and ecosystem) towards plants and 
living things in his students through the learning experiences that were organized and conducted 
outside the classroom.  
When students learn science, they need to understand about the environment. Some students do not 
know what types of trees are around them. (307-308)  
Mr. Kuma organised fieldtrips that connected the students with the natural environment. For 
example, the students visited an indigenous herb garden at Haldummulla. He said: 
We went to see an indigenous herb garden (Ayurvedic medicine) at Haldummulla in Bandaragama 
last year. It is a large garden about 65 acres and consists of a variety of different plants. We spent 
two days there. I encouraged students to observe the different herbs plants and how they were grown. 
On the basis of their experience in the field [herb garden], I asked students to develop the school 
herb garden. (464-468) 
He believed that these fieldtrips helped the students to develop problem-solving skills, social skills 
(e.g., cooperation), and positive emotions (e.g., joy). For example, he said: 
We can minimize student conflicts through fieldtrips. There are five classes in each grade [in the 
school]. Sometimes boys have “conflicts” with students in other grades. But they are more friendly 
and cooperative after returning from fieldtrips. (454-457) 
8.5.2 Maintaining an indigenous herb garden. 
In addition to providing out-of-school learning experiences, Mr. Kuma encouraged the students to 
maintain an indigenous herb garden at the school. The herb garden contained a range of herbs such 
as Kara [Canthium coromandelicum], Nelli [Phyllanthus emblica], Kohomba [Azadirachta indica], 
and Monarakudumbiya [Vernonia cinerea]. Students usually worked around 30 minutes in the 
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garden every school day before school started at 7.30am. “They [students] take care of the weeding, 
planting, watering, and mulching” (320). He commented: 
I always use the school herb garden to teach my science lessons. I link students’ theoretical 
knowledge to help them to understand the interrelationships of species with the natural environment 
…. (314-316) 
The herb garden was used to teach topics such as plant growth, photosynthesis, soil and water 
ecology, environmental horticulture, and insects. However, Mr. Kuma mentioned that due to 
constraints in completing the syllabus, he found it challenging to incorporate such plant-based 
activities into his science lessons. It seems that Mr. Kuma was conscious of the potential benefits 
that could be accrued by students when they engaged in school gardening and garden-based 
learning. Indeed Mr. Kuma expressed concern that his students were disconnected from nature 
because they spent little time in natural surroundings, and so he tried to create learning activities 
associated with the environment. It seems that Mr. Kuma recognised the opportunities and possible 
outcomes inherent in such learning activities. 
8.5.3 Encouraging students to make science equipment.  
To develop students’ science interests, Mr. Kuma encouraged the students to make equipment for 
science exhibitions. For example: 
We [the school] are members of the National Science Foundation. They organise exhibitions in the 
BMICH [Bandaranayaka Memorial International Conference Hall] each year for school children. I 
encourage students to make innovative equipment for the exhibitions. I accompany students to see 
the exhibitions. Students can develop their science interests by making equipment in their own 
interests and by observing a variety of exhibits. One of our students won the first place for the poster 
competition last year. (346-350) 
He encouraged the students to visit science exhibitions and competitions outside the school, and he 
organised school science exhibitions. He believed that science exhibitions helped the students 
develop their innovative ideas. 
8.6 Helping Students to Achieve their Goals  
The third key theme that was associated with understanding Mr. Kuma and his teaching practices 
referred to Helping Students to Achieve their Goals.  
8.6.1 Goals related to achievement in exams. 
Mr. Kuma said that some students focussed on achieving high grades in the GCE (O/L) exam which 
they needed in order to “enter the medical faculty” (120). Mr. Kuma said that “I try to help every 
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student to achieve their goals in exams” (124). In addition, Mr. Kuma seemed to be under pressure 
to meet the school principal’s and parents’ expectations in relation to helping students to do well in 
the exam.  
To assist with achieving the exam goals, Mr. Kuma made model question papers, provided 
instructions on understanding the questions, helped the students to organise their answers, discussed 
past examination papers and marking schemes, and conducted after-school classes. Mr. Kuma said 
that the teachers conducted after-school classes according to the students’ abilities. The poor 
achieving students and high achieving students were grouped into two classes. “We allocate two 
core subjects in the timetable and make model question papers” (134-135).  
8.7 Identifying and Supporting Students 
The fourth key theme that was associated with understanding Mr. Kuma and his teaching practices 
referred to Identifying and Supporting Students. Mr. Kuma identified students with difficulties. 
8.7.1 Students’ abilities.  
Mr. Kuma identified that some students in his class faced difficulties understanding physics and 
chemistry. He said that learning about the electric motor and electric magnetic fields was difficult. 
Mr. Kuma believed that the “students need to be grouped according to their abilities” (73). He 
explained that “sometimes I cannot achieve my goals [teaching] due to the different levels of 
abilities” (76). He believed that poorly achieving students should be taught in a separate classroom. 
He suggested that well-trained teachers, and a flexible syllabus needed to be provided for those who 
were not achieving. He stated: “I think it is not essential to teach the whole syllabus to poor 
achieving students” (82). Mr. Kuma commented that many teachers like to teach “high achieving 
students more than poor achieving students” (87). He also said that parents’ attitudes influenced the 
grouping of students on the basis of ability as “many parents do not like to see their children in poor 
achieving classrooms” (92-93).  
The next section describes the fifth key theme which was related to the Contextual Factors that 
Influence Science Teaching and Learning.  
8.8 Contextual Factors that Influence Science Teaching and Learning  
The first contextual factor that influenced Mr. Kuma’s teaching practices in science referred to 
Barriers to Teaching and Learning. 
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8.8.1 Barriers to teaching and learning. 
When discussing barriers that hindered Mr. Kuma’s science teaching, he spoke about: (i) the 
overloaded syllabus; (ii) the paucity of resources; and (iii) the issues related to textbooks.  
8.8.1.1 The overloaded syllabus. 
Mr. Kuma felt he had to complete the science syllabus in the designated time. He commented that 
the syllabus was overcrowded and this limited the opportunities of teachers to use a range of 
teaching practices. He explained the difficulties that he encountered when conducting science 
experiments. For example: 
It is important that we give opportunity for students to design their own experiments to investigate a 
problem. But we do not have time to do so due to the large amount of subject content of the syllabus. 
(512-514) 
Mr. Kuma stated that the science laboratory was allocated for only two periods per week and this 
time was not sufficient for him to design a variety of different learning tasks for each group of 
students. 
8.8.1.2 The paucity of resources. 
Mr. Kuma also commented on the paucity of resources to conduct science experiments. He 
reported, “We do not have many laboratory facilities. I have to use the existing resources” (521). 
Due to the lack of learning resources, sometimes Mr. Kuma had to conduct practical experiments 
(i.e., electronics) as a demonstration himself rather than allowing students to conduct the 
experiment by themselves.  
In addition, the lack of technology-related learning resources such as computers, educational CDs, 
and DVDs influenced Mr. Kuma’s teaching practices. He said that he did not use technology-related 
teaching practices to teach his lessons because of the non-availability of a computer not only in the 
science classroom but also in the laboratory.  
8.8.1.3 The problems with the science textbooks.  
Mr. Kuma identified several problems with the textbooks. This included mistakes within the 
textbooks (e.g., factual, spelling and grammatical mistakes) and poor organisation of materials 
within the textbooks. For example, he commented “The Grade 11 book was printed as the fifth 
edition this year, but there are still mistakes” (542). He compared previously published textbooks 
with the new textbooks. For example, “There were only one or two authors and one editor involved 
in the previous textbooks. Mistakes were rare. But look at the textbooks today. There are many 
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authors and they have made many mistakes. The money is spent without a proper plan” (552-553). 
It seems that Mr. Kuma was concerned about the accuracy and proper organisation of the science 
textbooks.  
8.8.2 Influence of private tuition. 
The second contextual factor that influenced Mr. Kuma’s science practices referred to the Influence 
of Private Tuition. Mr. Kuma talked about the influence of private tuition on the students’ learning. 
Private tuition classes are a growing phenomenon in Sri Lankan education, especially among 
students who are preparing for the competitive national examination in Grade 11. Typically tuition 
classes are held at the tuition teacher’s home and conducted as one-to-one teaching or in small or 
large groups. Private tuition is offered in all subjects but many students focus on the core subjects of 
science, mathematics, and English. Private tuition is often conducted after-school hours, mostly in 
the evenings and at weekends. Some private tutors were mainstream teachers who gained extra 
income from private tuition. Others tuition providers were employees of private tuition institutions, 
undergraduate students, retired school teachers, or other individuals who knows the subject.  
Mr. Kuma reported that many Grade 11 students attended tuition classes to obtain high grades in 
science and consequently they did not like to stay after-school for free exam preparation classes. 
However, some students, especially Grade 11 students, attended private tuition during the day. This 
occurred in term three because it was then that tuition teachers discussed exam-oriented questions 
rather than focusing on teaching. It seems that the competitive education system in Sri Lanka leads 
students to attend tuition classes.  
The next section describes how private tuition influenced students’ independent learning. 
8.8.2.1 Influences of private tuition on independent learning.  
Mr. Kuma thought that independent learning was important. He believed that the students needed 
dedication, commitment, and time to learn independently. Specifically, Mr. Kuma believed that the 
students needed to independently locate information and explore scientific concepts. He explained: 
“We cannot teach everything within 40 minutes” (592). He said that the students had many learning 
resources from which to obtain up-to-date knowledge (e.g., TV, the Internet). He encouraged his 
students to find information from resources such as the public library. Mr. Kuma explained how as 
a child he had learned from others.  
I met different people in the library when I was a student and some of them were medical faculty 
students. I developed friendships while studying. I asked their help when I had to solve difficult 
problems in science. I asked them for information. I learnt from books and people. Now many 
students depend on tuition. (609-612) 
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In contrast, he believed that his students did not have adequate time to engage in independent 
learning and find information from different sources due to their tuition commitments. He said that 
“many students do not have time to engage in independent learning due to private tuition” (581).  
The next section describes Mr. Kuma’s perceptions of private tuition teachers. 
8.8.2.2 Perceptions of private tuition teachers. 
Mr. Kuma said that due to the competition among private tuition teachers, some of them used 
marketing strategies to attract students such as distributing notes and answers from past exam 
papers. Mr. Kuma believed that as a consequence of these practices, students did not develop study 
skills and instead relied on these notes. In Mr. Kuma’s view, private tuition teachers were similar to 
“drug dealers”. 
The students become victims of the tuition teachers. They are like drug dealers. There is no 
difference [laugh]. The person who sells heroin damages a person’s bodily functions. The tuition 
teacher also does the same. These things [providing printed notes] have a negative impact on the 
student’s learning in the long term. I believe these two people [tuition teacher and drug dealer] do the 
same thing. (621-625) 
Mr. Kuma’s beliefs about private tuition teachers appeared to be negative.  
Some students attended more than one tuition class due to the competitiveness of the national 
examinations. In relation to this Mr. Kuma talked about the students’ “busy” schedules. 
Most students study like machines. Some students do not know why they attend school. They do not 
have time even to eat because of a lack of time. They may swallow, and not chew [laugh]. Then, they 
attend tuition classes. These classes are from 3.30 p.m. onwards. After a tuition class, the students 
may attend another [tuition] class. Then they arrive home at 7 p.m. or 8 p.m. Perhaps another 
[private tuition] teacher comes to the home to teach them again. So students do not have free time to 
relax and learn independently. (632-637) 
Explaining his comment further, he stated that the students did not complete their homework due to 
tuition classes therefore he no longer gave homework to his students.  
Although Mr. Kuma had negative attitudes to private tuition teachers, he nevertheless conducted 
private tuition for both individuals and group classes. He reflected on this situation and said “… as a 
government teacher, the salary is not sufficient for me to cover my expenses. So, I also conduct 
[private] tuition classes. But I conduct tuition “differently”. That means I conduct classes sincerely 
and in good faith” (658). Mr. Kuma’s notion of conducting tuition in good faith meant charging fees 
which he thought were justifiable and he claimed that his aim was to improve the students’ attitudes 
towards the natural environment (particularly in biology). He described one of his own private 
tuition classes.  
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I conducted an individual tuition class with a student in Colombo. They [the house owner] do not 
have an area for gardening because the garden was tile flooring. He [a student] did not know how to 
identify garden plants in the home such as “Kuppaimeni” [Indian Acalypha plant] and 
“Monarakudumbiya” [ironweed] plants. I wanted to teach a lesson about the leaf arrangements of a 
plant. I gave a list of plants for the child to observe in the environment. (712-717)  
Overall, it seems that Mr. Kuma held contradictory views about private tuition. He had negative 
views about tuition teachers (describing them as akin to drug dealers—except himself). He 
conducted tuition classes in after-school hours to earn additional income. At the same time he talked 
about the negative influences of tuition on students and their learning. For example, he thought 
tuition put pressure on students and made them tired. He also stated that tuition led to a lack of time 
for students to complete their homework or to engage in independent learning.  
8.9 Summary and Conclusion 
Mr. Kuma used various teaching practices to develop students’ science interests, to help students to 
achieve their goals, and he used teaching practices to develop students as scientific learners. 
However, a closer examination of Mr. Kuma’s practices suggests that time constraints in covering 
the intensive science syllabus, the focus on preparing the students for the GCE (O/L) examination, 
and the lack of resources have hindered Mr. Kuma to use teaching practices that foster SRL in 
science (e.g., modelling, scaffolding, and critical thinking activities). 
In Chapter 9, the case study of Mrs. Malee will be presented. 
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Chapter 9:    Results of the Case Study – Mrs. Malee 
This chapter focuses on Mrs. Malee, a teacher from the Mathugama area in the Kalutara district. 
This chapter will provide an overview of Mrs. Malee’s teaching background, the setting for the 
classroom observations, and a discussion of the six key themes that emerged from the inductive 
analysis of the classroom observations and semi-structured interview data conducted with Mrs. 
Malee. 
9.1 Mrs. Malee’s Background 
At the time of data collection, Mrs. Malee had spent 12 years of her teaching career in a national 
school located in the Mathugama area of the Kalutara district. She had taught science to the senior 
secondary students (Grades 10 and 11) since 2010. Before that she had taught science to the 
Advanced Level classes (Grades 12 and 13). She had earned a Diploma in Science from the Siyane 
National College of Education, Sri Lanka. She also had been working as a private tuition teacher in 
science.  
9.2 Setting 
The researcher conducted two observations of Mrs. Malee’s Grade 10 science class. The first 
observation was in October 2012 in the junior science laboratory A. The junior laboratory was 
divided into two small laboratories referred to as Labs A and B. The laboratory appeared quite 
clean, but was fairly dark with poor ventilation. There was no ceiling fan. There were eight small 
windows on the right hand side of the classroom and six small windows on the left hand side. A 
small blackboard hung in the centre of the front wall but was well-worn in appearance (Image 9.1). 
 
Image 9.1. A front wall of the science laboratory 
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The furniture comprised a bookshelf, cupboards, four flat-topped tables with chairs, individual 
student desks with chairs, a teacher’s desk, and a teacher’s chair. An LP gas tank had been placed in 
front of the teacher’s table. A Bunsen burner stood on the corner of the table. Diagrams of human 
body systems (e.g., the heart, ear) and samples of seeds, and a structure of a plant cell hung on the 
front and back walls. A model of the human digestive system had been placed in the corner of 
another table. The researcher sat on a chair located at the rear of the laboratory.  
The content of the first lesson observed related to the factors affecting the rate of a chemical 
reaction (chemistry). Fifty-four students (25 boys and 29 girls) were seated at desks arranged in five 
groups. The groups were organized as single sex groups, two groups of boys, and three groups of 
girls. The second observation was conducted in a Grade 10 science classroom. While the classroom 
appeared clean, it had poor ventilation. The only sources of light were two small windows on the 
right hand side of the classroom and three small windows on the left hand side of the room. A small 
blackboard and calendar hung on the front wall. There was a teacher’s desk and chair. A small 
statue of the Lord Buddha had been placed at the front of the classroom. The rows of student desks 
faced the front of the classroom and the teacher’s desk. There was a narrow aisle down the middle 
of the classroom providing access to the students’ desks. There were fifty-two students (25 boys and 
27 girls). The researcher sat on a chair located at the rear of the classroom. The voice of the teacher 
who taught mathematics in the adjoining classroom could be heard throughout Mrs. Malee’s lesson. 
The content of the second lesson focused on force and linear motion (physics). The interview with 
Mrs. Malee took place in the school library.  
The following section describes the key themes that were identified in relation to the two classroom 
observations of Mrs. Malee’s teaching of her Grade 10 science class and the interview held with 
Mrs. Malee.  
9.3 Understanding Mrs. Malee and her Teaching Practices 
Six key themes emerged from the data. They were: (1) developing scientific learners; (2) 
developing students’ science interests; (3) helping students to achieve their goals; (4) developing 
students’ independent learning; (5) identifying and supporting students; and (6) contextual factors 
that influence science teaching and learning including barriers to teaching and learning, the 
influence of private tuition, and the influence of parents. 
9.4 Developing Scientific Learners 
The first key theme that was associated with understanding Mrs. Malee and her teaching practices 
referred to Developing Scientific Learners.  
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Three themes emerged from the data: (i) practices to build knowledge; (ii) practices to help students 
learn together; and (iii) practices that assist students to retrieve knowledge. 
9.4.1 Practices to build knowledge. 
Mrs. Malee reported five practices that she used to build students’ knowledge. These were: (i) 
assisting students to apply scientific knowledge to everyday life; (ii) practices to activate the 
students’ prior knowledge; (iii) modelling and scaffolding; (iv) using visual representations; and (v) 
homework. 
9.4.1.1 Assisting students to apply scientific knowledge to everyday life. 
Mrs. Malee explained that one of her main aims of teaching science was: “developing the students’ 
knowledge and skills in science and assisting students to apply them in their everyday lives” (175). 
She reported “Many teachers emphasise that the main aim is to complete the syllabus on time. But I 
often aim to develop students’ application of knowledge and skills in everyday lives” (180). For 
example, Mrs. Malee said she developed the students’ awareness about the human reproduction 
system when she taught biology because she thought it was important for students’ health. “Some 
students did not select science for their higher studies (e.g., Advanced Level). So I teach such 
lessons to develop their knowledge in issues related to their personal health” (182-183). She further 
explained: 
I teach human reproduction lesson nowadays. Many teachers do not teach this lesson clearly. It may 
be due to cultural reasons. In particular, some female teachers feel shy to talk about topics related to 
reproduction and sexuality with their students. I used visual aids to develop the students’ knowledge. 
The reason is that today students face problems such as teenage pregnancy due to lack of 
understanding of the human reproduction system. I explain the lesson using articles published in the 
newspapers. (186-191)  
The above quote indicates that Mrs. Malee’s intention was to develop students’ awareness of issues 
related to adolescent health. In addition, she used everyday examples to describe difficult science 
concepts. She noted, “I usually use examples to explain science principles which students have 
heard or seen before” (172).  
In building students’ knowledge in order to become scientific learners, Mrs. Malee activated their 
prior knowledge.  
9.4.1.2 Practices to activate the students’ prior knowledge. 
Mrs. Malee specifically mentioned the use of questioning to activate students’ prior knowledge. She 
explained: 
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Sometimes I ask questions related to their prior learning in Grades 7 to 8. For example, when I teach 
force, I ask the students how did you define “force” in Grade 7? Then, students define “force” 
according to their prior knowledge. I start the new lesson on the basis of their previous knowledge. 
(207-210) 
She asked questions and allowed time for the students to think and recall their new knowledge 
based on their pre-existing knowledge. 
In the second lesson that was observed, Mrs. Malee used questioning to activate the students’ prior 
knowledge about distance and displacement (see Extract 9. 1). 
Extract 9.1. 
5. Mrs. Malee: What did we learn yesterday? 
6. Students: We learned about distance and displacement 
7. Mrs. Malee: What else did we learn? 
8. Students: Speed and velocity 
9. Mrs. Malee: What would be the difference between distance and displacement? 
10. Students: Direction is not considered to measure distance. 
11. Mrs. Malee: Good. In physics we define distance as a scalar quantity. These  
12. are specified by stating their magnitude such as size only with the correct unit.  
13. For example, we indicate distance in meters and time in seconds. 
14. Students: Displacement is different from distance. Measurements are taken  
15. according to the direction when measuring displacements. 
16. Mrs. Malee: Displacement is a vector quantity. These are specified by stating 
17. their magnitude such as size, with the correct unit and a direction. We state 26m  
18. toward South. What is related with distance and displacement? 
19. Student 1: Speed. 
20. Student 2: Velocity 
21. Mrs. Malee: What do you mean by speed? 
22. Student: Distance travelled per unit time is known as the speed. 
23. Mrs. Malee: OK. I will give you an example. If a person travels from  
24. Mathugama to Kalutara, it takes around one-hour. How does he travel during this  
25. one hour? Remember we solved similar problems in Grade 9 also. How could we  
26. measure the speed of an object? What do we need to know? 
27. Students: Distance and time 
28. Mrs. Malee: Yes. You can calculate the speed if you know how far it travels and  
29. how long it takes.  
30. Mrs. Malee: Who can remember the equation to calculate speed? 
31. Students: Speed = Distance % time 
32. Mrs. Malee: OK. But you have to mention the units as well. What is the unit of 
33. measuring time taken?  
34. Students: Seconds 
 
In Extract 9.1, Mrs. Malee asked questions to activate the students’ prior knowledge and assisted 
them with retrieving their prior learning experiences (lines 5-8, 25, 30). She elaborated students’ 
answers (lines 11-13 and 16-17). Some of her questions were for factual recall (lines 21, 30) and 
some of the questions seemed to be for testing the students’ knowledge (lines 32-33).  
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The next section describes how Mrs. Malee used modelling and scaffolding to build students’ 
knowledge in order to become scientific learners.  
9.4.1.3 Modelling and scaffolding. 
In the first observed lesson, Mrs. Malee used modelling and scaffolding to teach the functions and 
safe use of a Bunsen burner (e.g., checking rubber tubing for any tears or holes controlling the gas, 
adjusting the flame). She distributed a task card along with the two unlabelled diagrams of the 
flames of a Bunsen burner and candle. The task card had five questions related to the zones in the 
flame of a Bunsen burner and a candle. The first question was related to the zones in the flame of a 
Bunsen burner. Mrs. Malee used modelling and the students watched her to learn how she 
manipulated the flames. She modelled the first part of the task that the students could not yet 
manage such as connecting the burner hose to the gas outlet and adjusting the flame. She scaffolded 
the students to perform the learning task and provided occasional hints to the students on what to do 
next. Extract 9.2 illustrates how Mrs. Malee used modelling and scaffolding to teach about the 
different properties of the flame of a Bunsen burner compared with a candle. 
Extract 9.2. 
110. Ms. Malee: Bunsen burner is commonly used in school laboratories to heat  
111. chemicals. It is very important and potentially dangerous tool. So that it needs to  
112. be used with care. Now I am going to show you how to use a Bunsen burner  
113. safely. Bunsen burner has an air hole that allows complete or incomplete combustion.  
114. When the air hole is open like this [she opens the air hole], air is drawn into the  
115. chimney. When the air hole is closed [she closes the air hole] the natural gas can only  
116. mix with air at the mouth of the chimney. When you change the position of the metal  
117. collar on the air hole, the colour of the flame is changed… [Students carried out their 
 learning tasks]  
120. Student 2: How do we find the hottest part of the flame? 
121. Ms. Malee: What could you do to find the hottest flame? 
122. Student 4: Perhaps we can boil water and can measure the time taken to boil the water. 
123. Ms. Malee: Yes. It is a good method. But we can save time if we use a piece of  
124. nichrome wire. First you need to close the air hole and turn the gas tap full on. Then,  
125. light the gas and hold a piece of wire in different parts of the flame, moving it from  
126. the bottom to the top to find the hottest part of the flame. Now open the air hole. Hold  
127. the nichrome wire in the flame, moving from the bottom to the top to find the hottest 
128. part. Now compare the two flames to find which has the hottest part. 
 [students performed the experiment] 
138. Ms. Malee: Did you find the hottest part? 
139. Student 4: Yes. The hottest part of the flame is at the tip of the dark blue cone.  
140. Ms. Malee: Good. A very hot, blue flame is produced when the air hole is fully open.  
141. The hottest part of a Bunsen flame reaches about 1,500°C . What would occur 
142. if you open the air hole fully? 
143. Student 3: A complete combustion occurs  
144. Ms. Malee: Now close the air hole. Hold a test-tube with its bottom end just above  
145. the flame and observe what will happen.  
146. Students: Carbon deposited on the glass.  
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In Extract 9.2, Mrs. Malee modelled how to manipulate flames of a Bunsen burner (lines 112-115). 
Mrs. Malee appeared to make suggestions about what the students could do (lines 123-128) and 
gave occasional hints to them on what to do next (lines 144-145). She also asked metacognitive 
questions such as “What could you do . . .?” (line 121), “What would occur if you. . .?” 141-142). 
Asking metacognitive questions seemed to be a form of scaffolding (Perry, Hutchinson, & 
Thauberger, 2008). It seems that Mrs. Malee used practices related to modelling and scaffolding to 
build students’ knowledge in order to develop them as scientific learners. Mrs. Malee also reported 
that she used visual representations to build students’ knowledge in order for her students to 
become scientific learners.  
9.4.1.4 Visual representations. 
Mrs. Malee referred to three practices related to visual representations that she used to build 
students’ knowledge. They were the: (i) visualization and illustrating science concepts; (ii) use of 
graphs; and (iii) use of models.  
Visualizing and illustrating science concepts. 
Mrs. Malee asked her students to draw and make their own sketches of the concepts being taught, 
labelling each part with the name and function in order to help visualization of the abstract science 
concepts such as “… motion, force, and DNA” (306). “Some students are good at art and they 
remember these concepts by drawing figures, graphs, and even cartoons” (328-329). In order to 
support memorisation she also encouraged students to observe and identify species (plants and 
animals) in their natural environments to gain an understanding of where they were located and 
their characteristics. Sometimes she asked students to identify how science concepts were related to 
their lives and to apply what they had learned in a lesson to every day events. For example, “… 
students learn about the systems in the human body. These concepts and functions can be easily 
remembered when they apply them to their bodies” (341-342).  
Mrs. Malee encouraged the students to visualize a particular science concept prior to starting the 
lesson and to draw a diagram of their understanding. She then asked them to create another drawing 
of the same concept at the end of the lesson and asked them to compare their understanding as 
demonstrated in the two diagrams. She particularly used this method in chemistry and physics 
lessons which were about abstract topics, such as matter (e.g., atoms) and force. Another practice 
that she used was drawing on the blackboard half of a diagram such as of a plant cell, the heart, or 
the structure of a flower that the students had been taught previously. Then, she invited a few 
volunteer students to complete the diagram. She also asked questions such as, “What is this part?” 
“Why did you label this as ...?” to help them to recall their previously learned concepts. She 
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believed these practices helped the students to develop their knowledge in order to become 
scientific learners. 
Use of graphs. 
In the second observed lesson, Mrs. Malee asked her students to head up their exercise book page 
with the words: “Distance-time graphs” and then to write the equation to calculate speed underneath 
the heading. Then, she wrote the equation on the board and explained how to measure speed. She 
formulated three questions to prompt their findings about the speed. She distributed a task card to 
students. She asked the students to read and understand the data given on the task card before 
drawing the graph. Students drew a distance-time graph based on the data she had given them. She 
randomly checked students’ work and provided feedback to them.  
Use of models. 
Mrs. Malee said that she often used models to develop students’ knowledge and understanding of 
abstract science concepts (e.g., motion and chromosome). For example, she used models to teach 
about different human systems. 
I used models of human teeth to teach pairs of upper and lower incisor teeth, canine teeth and molar 
teeth. (291-292) 
She believed that models helped students to develop their conceptual understandings and stimulated 
their science interests.  
9.4.1.5 Homework. 
Homework was another practice that Mrs. Malee reported that she used to build students’ 
knowledge in order to become scientific learners. She believed that homework helped students to 
practise the concepts that they learned in the class and developed their skills such as time 
management. She usually assigned homework either once a week or at the end of every lesson. 
Sometimes she asked students to complete homework tasks in preparation for the next lesson.  
She believed that when the students completed homework activities, she could teach the science 
concepts more easily the following day because she could draw on their prior learning experiences. 
She used homework not only to prepare students for upcoming lessons, but also to help them 
practise material that they learned in the classroom. She also gave homework to students in order to 
complete topics from the syllabus that she believed she did not have time to complete in class.  
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9.4.2 Practices to help students learn together. 
Helping students learn together was the second theme that emerged in developing students as 
scientific learners. Mrs. Malee used group discussions and group experiments to help students learn 
together. In the first lesson that was observed she encouraged the students to conduct experiments 
related to factors affecting the rate of chemical reactions. She thought group experiments provided 
students with opportunities to develop their scientific thinking skills. She distributed the five task 
cards, equipment and chemicals to each of the five groups of students and directed their attention to 
them. Group 1 performed an experiment about the effect of the concentration on reaction rate. In 
Group 2, students carried out an experiment on the effects of temperature on reaction rate. The 
effects of physical nature on the reaction rate were carried out by Group 3. Group 4 performed an 
experiment about the effects of a catalyst on reaction rate. In Group 5, students observed and 
compared the differences between zones of candle flame and a Bunsen burner flame. A Bunsen 
burner and candle had been placed on the table (Image 9.2). 
 
Image 9.2. A workstation in the science laboratory 
She allocated time for each group to complete the experiments. She asked each of the students to 
write their observations, while they performed the experiment. After ensuring that each group had 
their tasks and equipment related to experiments, Mrs. Malee proceeded to describe to the students 
what they should do in the experiments. In Group 2, students conducted the experiment as a group 
to investigate the effects of temperature on reaction rate. Mrs. Malee allowed the students to 
perform the experiment on their own and asked them to record their observations. She watched over 
each group while they conducted the experiment. She clarified student questions as they worked.  
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9.4.3 Practices that assist students to retrieve knowledge. 
Mrs. Malee also described several memory techniques that she thought assisted students to retrieve 
knowledge because she believed this was needed for students to succeed in their learning.  
9.4.3.1 Use of memory techniques.  
In helping students to retrieve their knowledge, Mrs. Malee encouraged students to create a 
glossary, engage in rote learning, and make their own notes. 
Creating a glossary.  
She asked students to create a glossary to record science terms that had to be learned and 
remembered. She asked students to “make a list of all the scientific terms when they read science 
materials” (361).  
Rote learning. 
Mrs. Malee admitted that “rote learning is not a good way of learning” (368). But nevertheless she 
asked the students to read carefully and memorize the key laws, theories, and principles of science. 
She described how she taught students how to remember science laws.  
When I teach the law of Archimedes, I ask students to repeat the law several times in order to 
remember it. Then, I randomly ask several students to tell me the theory. Students can remember the 
theory when they listen to their peers. I give 2 minutes time to learn by heart and ask 2-3 students to 
repeat it to the class. (373-376) 
She mentioned that the students were required to write the “theory or law” as defined in the 
textbook in order to obtain full marks when questions in examinations asked for definitions. 
Making one’s own notes. 
Another memorisation technique that Mrs. Malee thought would assist her students to retrieve 
science concepts and theories was to write their own notes when they read textbooks or read their 
classroom notebooks. Specifically, she asked students to leave a two inch margin on the left hand 
side of each page of their notebooks and lab record books and to make their own notes or to write 
questions that arose when they read their notebooks or conducted experiments. She mentioned “If 
the students find any ‘unclear’ steps in the experiment, they can record them in this space” (381). 
She instructed students to remember science concepts using different modes of representation such 
as making short notes and drawing diagrams using a small blackboard in their study rooms.  
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9.5 Developing Students’ Science Interests  
The second theme that was associated with understanding Mrs. Malee and her teaching practices 
referred to Developing Students’ Science Interests. She seemed to have strongly held beliefs about 
teaching science enthusiastically in order to spark students’ science interests. She described two 
ways through which she endeavoured to engage their interests, namely by being enthusiastic about 
teaching science and through the use of teaching practices focused on student engagement. 
9.5.1 Enthusiasm about teaching science. 
Mrs. Malee believed that science teachers played a key role in fostering students’ initial interests in 
science. She considered that the teacher’s enthusiasm for teaching science could influence students’ 
own interests in the subject. Furthermore, this process she suggested was most likely to occur if the 
teacher’s interests were translated into her teaching practices. She reflected on her own school 
experiences.  
I was interested in science because of my Grade 7 science teacher. He showed a great enthusiasm in 
science [teaching] and conducted lots of science experiments with us. He also encouraged us to carry 
out some experiments in home as well. And from then, I was fascinated with science. (63-66) 
In addition, she perceived that praising students for their achievements and encouraging students’ 
talents and abilities was important in fostering students’ science interests. She emphasized “the 
teachers should focus on developing science interests of the students rather than on preparing for 
national examinations” (71-72). 
9.5.2 The use of teaching practices focused on student engagement.  
Mrs. Malee also perceived that science teacher’s use of a variety of practices that focused on 
student engagement played a key role in sparking their science interests. She reported practices such 
as group discussion, providing hands-on activities, and providing learning experiences outside the 
classroom as important practices to foster students’ science interests.  
9.5.2.1 Group discussion.  
Mrs. Malee believed that group discussion fostered the students’ science interests. She tried to make 
science interesting by encouraging students to interact with their peers around their questions and to 
share their acquired knowledge. 
Sometimes when we have group discussions, some students raise interesting questions. I encourage 
group members to respond to these questions. They respond to these questions in a variety of 
different ways. It helps students to develop their science interests and thinking. When students share 
their knowledge with their peers, it also helps them to learn. (84-88) 
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Mrs. Malee’s approach to the encouragement of student involvement in group discussions 
sometimes meant that she inhibited her natural response to answer questions directly and re-directed 
the question to other students to provide input (e.g., “Do you agree with Supun’s comment?”, line 
93). She also encouraged students to discuss the results of experiments with their peers to expand 
their collective understandings.  
9.5.2.2 Providing hands-on activities. 
Mrs. Malee believed that hands-on activities (learning by doing or discovering) such as experiments 
fostered the students’ science interests and enhanced their active involvement in their learning tasks. 
She said that she made a conscious effort to respond to students’ needs in learning. For example, 
she asked the students, ‘‘What can I do to make this class more interesting?” (113). In response, the 
students reported, ‘‘They want to do experiments rather than learning theory in the textbooks” 
(117). She believed that hands-on activities provided opportunities for the students to learn by 
discovering scientific concepts and principles. She described how she used hands-on activities in 
her science class: 
I give students a hands-on project in science. For example, I ask students to make a model of the 
atom. Students talk about how to make the model with their peers and they have opportunities to see 
what they are doing, what they are going to be learning about in the lesson when they engage in 
hands-on activities. (136-139) 
Mrs. Malee also believed that students can learn science by engaging in hands-on learning activities 
such as tree planting, gardening, or working with animals to develop science interests. These types 
of activities helped students to link science with the natural environment around them.  
She elaborated on how she linked science with everyday events to foster students’ science interests. 
I try to apply science to students’ day-to-day lives. When I teach a new science concept, I always try 
to link scientific knowledge with something that they have already known or seen in or out of the 
school. Students are interested in what they’re learning or doing when it is related to their everyday 
lives. I use hands-on activities to teach science concepts and students are waiting to see what the next 
activity is going to be. (155-160)  
She also encouraged the use of observation to tackle the students’ lack of understanding about the 
natural environment. 
9.5.2.3 Providing out-of-school learning experiences. 
Mrs. Malee provided learning experiences outside the classroom to build students’ science interests 
and knowledge. She described how she used the schoolyard to spark the students’ science interests. 
She explained: 
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I always tell students science is about our lives. I try to use as much examples from the outdoors and 
nature to get students interested in science. When I teach photosynthesis, I accompanied students to 
the school yard. I asked students to set up a photometer. Then, I ask them to place the photometer in 
different situations and ask them to change one environmental factor at a time, such as light 
temperature, and wind levels. Students are fascinated with the natural world and they want to explore 
them further. (442-447) 
She organized fieldtrips to further address students’ science interests. Mrs. Malee stated:  
Students are more excited in science and when they are exposed to a variety of experiences in and 
out-of-school. I accompanied students to fieldtrips as much as I could. I encouraged the students to 
observe what kind of things they can learn from the environment. Students can see things in the 
natural setting and relate them with the science concepts and principles. (462-466) 
She encouraged students to inquire about phenomenon in their environment and to ask themselves 
questions about the relationship between what they saw and their experiences and their own lives. 
In addition, she believed that the use of technology such as science CDs, videos, and chemistry and 
physics software assisted students to develop their science interests. These modes of presentation 
and representation enhanced her use of concrete examples of scientific concepts drawn from 
everyday life.  
The case of Mrs. Malee illustrated the different ways that the teacher can develop students’ science 
interests. The reported practices were related to her personal attributes and the use of teaching 
practices which led to students’ engagement. It appears that these practices applied in various 
modes such as the use of technology, small group discussions, and providing outdoor learning 
experiences.  
9.6 Helping Students to Achieve their Goals 
The third theme that was associated with understanding Mrs. Malee and her teaching practices 
referred to Helping Students to Achieve their Goals. Mrs. Malee helped her students to set their 
goals and she helped them to achieve them. These goals relate to: (i) learning goals; (ii) goals 
related to achievement in exams; and (iii) future career goals.  
9.6.1 Learning goals.  
Mrs. Malee assisted students to identify their individual learning goals and helped them to set these 
goals. At the beginning of the first term of Grade 10, Mrs. Malee helped her students to identify 
their goals in science learning by asking them to list them. She noted that many of the students’ 
goals were to obtain high grades in the GCE (O/L) exam. These grades would allow them to later 
select either biology or mathematics for their GCE (A/L) exam. She said that the main goal of these 
students was “to become doctors or engineers” (225). However, she noted that a few students who 
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were less able did not have such “specific or high goals”. Still she encouraged the less able students 
to set goals. She believed that less able students developed self-confidence and a “sense of 
accomplishment” when they achieved their goals. She stated: 
They [less able students] do not have goals in learning. First, I explain the importance of having 
goals in learning and their future. I explained them possible risks and loss factors if they do not have 
goals in their lives. I encouraged them to set small and achievable goals, which can be achieved in a 
short period of time. (230-233) 
It seems that Mrs. Malee understood the importance of her students having goals towards which 
they would work and she assisted them to set such goals. The next section describes how Mrs. 
Malee helped her students to achieve their goals related to achievement in exams.  
9.6.2 Goals related to achievement in exams. 
Mrs. Malee helped students to set goals related to their GCE (O/L) examination. She believed that 
the “students need support from Grade 10 in order to prepare for the exam in Grade 11” (240). She 
provided past exam papers to assist with revision and examination preparation. She believed that 
the perusal of exam papers from previous years and the answering of set questions helped her 
students become familiar with a range of questions and the patterns of questions, and also provided 
practice in managing time requirements. She also linked her current teaching with the requirements 
of past papers by following up her lessons with the requirement that students write answers to 
related or similar exam questions. She believed that writing answers to past exam papers would 
assist her students’ exam preparation.  
Teaching theoretical concepts are not sufficient for the students to achieve well in exams. I discuss 
past exam papers with the students. If a student completes past exam papers at least prior to two 
months to the exam, they can achieve well. (250-252)  
9.6.3 Future career goals.  
Mrs. Malee also directed students to identify their personal career goals and helped them towards 
these goals.  
… I do not teach science first [In the first day of Grade 10 class]. I identify students’ goals first and 
then help them to achieve their goals. I ask who do you want to be [after studying science]? For 
example, one student told me that he wanted to be a pilot. I told him about degree programmes that 
are offered at the Kotalawala Defence Academy. (254-257)  
In summary, Mrs. Malee referred to helping her students set and/or work towards three goals: 
learning goals; goals related to achievement in exams; and future career goals.  
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9.7 Developing Students’ Independent Learning 
The fourth theme that was associated with understanding Mrs. Malee and her teaching practices 
referred to Developing Students’ Independent Learning. Taking ownership of one’s own learning 
refers to student autonomy. In learning environments which promote student autonomy, students 
take responsibility of their own learning. Mrs. Malee pointed to the importance of encouraging 
students to take responsibility in their learning. She believed that developing independence in 
science learning was important for the students. The skills they needed to develop independence 
were planning and organization and she thought she showed to foster their motivation in learning.  
As part of assisting the students to develop independence and take responsibility for their science 
learning, Mrs. Malee described two ways in which she provided choice to the students. She 
provided the students with choice to: (i) select their own topics and learning materials for 
assignments; and (ii) select group members. She also promoted students’ independence in their 
learning by allowing them to: (iii) change the steps in an experiment and (iv) seek knowledge by 
themselves. 
9.7.1 Choice to select topics and learning materials. 
When completing assignments and projects Mrs. Malee said that she allowed students to choose 
topics and activities with which they were familiar, saying that “Some students select a topic that 
they already know but they would like to explore more about it” (509-510). She also drew up a list 
of science topics from which students could either select or that allowed them to make some 
variations according to their interests. She believed that providing choice helped students to develop 
their science interests and encouraged their active participation in the learning tasks. She believed 
this was especially important for students who demonstrated “less ability” in science.  
9.7.2 Providing choice in the selection of group members. 
Mrs. Malee said that sometimes she allowed students to choose members of their groups, although 
sometimes she had to assign group members because some students tended to select their friends 
and some of them did not collaborate when completing group tasks. She said:  
I give students to talk about a science topic in their groups that they may not be familiar with before. 
When students work with their peers, they can see different perspectives to a problem. They select 
their group members based on their interests. Some students are more popular than others and they 
are asked to join [to their groups] by many students. (536-540) 
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9.7.3 Changing steps in an experiment.  
In the interview, Mrs. Malee said that if she had time she sometimes allowed her students to change 
the steps in an experiment.  
If I have time at the end of the experiment, I split the class into two groups to perform the same 
experiment by using different materials and substances. I give some additional chemicals for 
students to do the experiment. (553-555)  
Mrs. Malee believed that when the students were offered freedom to change the steps in the 
experiment, they develop a sense of “responsibility and control” in performing the tasks. 
9.7.4 Seeking knowledge independently. 
Mrs. Malee believed that in todays’ society, students needed to be given opportunities to develop 
their learning without “much” support from teachers and she wanted to encourage her students to be 
independent. Mrs. Malee believed that “science is a subject which always changes with the new 
technological advances and scientific discoveries” (563-564). Today’s students have many 
resources (e.g., the Internet, science journals, and educational CDs) to obtain up-to-date knowledge 
compared with past students.  
Students need to explore new knowledge by accessing new knowledge. When they read other than 
the textbooks, then they can develop their independent thinking. (571-572) 
She also encouraged the students to keep a pen and notebook beside the reading table in the school 
library and asked students to take notes on topics which might be interesting as a starting point to 
follow-up by locating text that explored the ideas and concepts in depth. These findings were then 
to be shared with peers in the classroom.  
9.8 Identifying and Supporting Students  
The fifth theme that was associated with understanding Mrs. Malee and her teaching practices 
referred to her practices in Identifying and Supporting Students. She talked about students three 
differences in students’ related to: (i) abilities; (ii) boys’ and girls’ science learning; and (iii) socio-
economic backgrounds. 
9.8.1 Students with different abilities. 
Mrs. Malee believed that it was important to know each student and described how she helped 
students with different abilities.  
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Every student has different learning abilities. I cannot use a common method for all students. I am 
personally dedicated to improving students’ learning from their early grades. The students have 
different levels of understanding. Some students understand quickly but others need more time. I 
repeat the concepts again and again, if there are students who cannot understand the abstract science 
concepts. (622-626) 
Mrs. Malee said that she understood each student’s abilities by the end of the first term. “I know 
each student’s level of knowledge according to the exam marks [term test]” (631). She also spoke 
with each student individually when they received their term test results and identified their 
difficulties in science learning. She encouraged the students who she described as “border level” 
(Grade C) to try and get to the next grade (Grade B) by the end-of-the-year exam. For example, she 
said:  
I am aware of each student’s level of understanding. I speak with the students who obtained 50 to 55 
marks for the term test individually. I identify what are the difficult concepts for them and give extra 
support. I encourage them to study hard to obtain at least an additional 10 marks on the next term test. 
(642-645) 
Mrs. Malee thought that the students who obtained high marks demonstrated self-motivation to 
learn science. She said that “when the students have motivation about what they learn, then they can 
stay on task” (650). She described one of the characteristics of self-motivated students as: “they 
listen carefully, and ask questions to clarify doubts” (653).  
9.8.1.1 Helping less able students. 
Mrs. Malee was, however, more concerned about students who obtained low marks than those who 
had high marks. She said: 
I do not know whether or not I am correct or wrong. I think it is not necessary to make an effort to 
motivate students who obtain high marks toward learning because they are self-motivated to learn. I 
talk individually to students who obtain low marks. (661-664) 
In this way Mrs. Malee showed that she believed that science was for “all” students.  
She believed that some students had difficulty writing using the Sinhala alphabet, and some had 
mathematical difficulties which influenced their poor science achievement. She thought the latter 
group of students needed help with mathematics in physics. She explained how she helped less able 
students to learn science by conducting after-school classes. She voluntarily taught these students 
each Friday afternoon during the school term.  
I started after-school classes to teach science for the less able students last year. I selected students 
who obtained below 30 marks. I taught them one day per week as suggested by the Principal. (691-
693) 
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She explained how she taught these students. “First I taught simple concepts and gradually I 
explained the difficult concepts …. [the] abstract concepts…. I did not teach physics lessons for 
these students. I taught biology and chemistry only” (696). She said that “many teachers were 
reluctant to teach these [less able] students. So I undertook the responsibility of teaching these less 
able students and they have made good progress in the end of end-of-year exam” (733-734).  
She also tutored the students who had missed lessons due to extra-curricular activities in her home. 
Thus, it seems that Mrs. Malee was particularly concerned about students with difficulties and did 
not pay much attention to her more able students. But perhaps her attitudes towards the more able 
students may hinder them from fostering their abilities in order to become “gifted learners”. 
9.8.2 Male and female students. 
Mrs. Malee identified a few differences between girls’ and boys’ science learning. For example, 
“sometimes boys are better at physics than biology” (263). Boys like to learn by doing experiments 
rather than studying for many hours” (267). She further stated that “biology lessons were easy for 
girls because they spend long hours studying and they study hard to get good grades” (285-286). 
She believed that girls used more memory techniques than boys such as making notes and rote 
learning to remember science facts. In her opinion, achievement differences could be attributed to 
differences between male and female students in science with these differences revealing 
themselves through personal interests and study habits. 
Mrs. Malee encouraged girls to take an “active” role in performing experiments in electronics 
lessons in the science laboratory. Mrs. Malee also reported that she provided support for girls when 
they faced difficulties in applying physics principles that they learnt in the classroom. She also said 
that she more frequently called on girls to answer questions related to physics than boys to ensure 
that girls understood the physics concepts well. 
9.8.3 Helping students with different socio-economic backgrounds. 
Mrs. Malee was also concerned about the students from different socio-economic backgrounds. She 
believed that a student’s social emotional status was often influenced by their background and 
showed empathy and caring for these students. 
Some students have problems in their homes and as a result they worry about their problems rather 
than concentrating on learning. For example, some students have problems due to the parents’ 
divorce. Some students did not have money to purchase learning materials. Some students feel 
anxiety because either mother or father of these students worked in foreign countries….I talk to such 
students like a mother and often care for them and help them. (391-396)  
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She also attempted to develop these students’ self-esteem.  
I share my experiences with them. When I teach lessons I do not teach only the science. I talk about 
life experiences and how to challenge these obstacles. (403-404) 
It appears that Mrs. Malee cared about students with different abilities and backgrounds and 
identified and supported them to develop their learning.  
The next section describes the sixth key theme which was related to the Contextual Factors that 
Influence Science Teaching and Learning.  
9.9 Contextual Factors that Influence Science Teaching and Learning  
Mrs. Malee refereed to three contextual factors that influenced her science practices. These were: (i) 
barriers to teaching and learning; (ii) the influence of private tuition; and (iii) the influence of 
parents. 
9.9.1 Barriers to teaching and learning. 
Mrs. Malee mentioned six barriers that she faced when teaching science. These were (i) the 
overloaded syllabus; (ii) the lack of space, (iii) poor lighting and air ventilation; (iv) distractions 
from adjoining classrooms; (v) the paucity of resources; and (vi) problems with the science 
textbooks.  
9.9.1.1 The overloaded syllabus. 
The lack of time to complete the overloaded syllabus was a barrier to teaching science according to 
Mrs. Malee. She mentioned that two periods per week were not adequate to complete the 
experiments. “The lab is allocated only for one day (Wednesday) per week. If the date falls on a 
holiday, we cannot conduct the practical as planned” (701-702). To overcome this barrier, she 
conducted several experiments together. She often used oral assessments such as questioning and 
oral presentations due to limited time. She explained “If we conduct written tests, we have to spend 
more time to give feedback to the students” (712). She commented “It is very difficult to conduct 
written assessments due to large contents of the syllabus” (715). 
9.9.1.2 A lack of space.  
The lack of space was another barrier for Mrs. Malee as she endeavoured to conduct group work in 
the classroom. “I tried to conduct group work in the classroom previously, but it was an utter 
failure” (720). She encountered difficulties in forming groups in the science laboratory and the 
classrooms due to the large number of students (see image 9.3).  
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Perhaps you [the researcher] have seen how the classrooms are packed with larger number of 
students. It is very difficult to move in the classroom and even in the lab. I tell students, I can move 
between two desks [in rows] because of my body shape [slim]. If the teacher has a large body shape, 
she/he cannot move. (724-728) 
 
Image 9.3. Students’ desks in the science laboratory 
Mrs. Malee also mentioned that the lack of funding was the barrier to constructing a new classroom 
building for the Grade 10 and 11 students. She commented that “Many people [e.g., politicians, The 
Old Boys Association] promised to construct a new building. But it has not yet been implemented 
[pause]”. Finally, she said: “There is no point in talking about these problems” (743).  
9.9.1.3 Poor lighting and air ventilation.  
Mrs. Malee believed that “fresh air helps students to concentrate better and improve their moods 
when learning” (782). But she commented that the Grade 10 classroom did not have proper lighting 
and air ventilation.  
9.9.1.4 Distractions from adjoining classrooms. 
Mrs. Malee said that adjoining classrooms affected her teaching practices. For example, “… we 
hear voices when we are teaching” (751) and “… sometimes I cannot identify who are the students 
who belong to my class” (763). She also explained how group discussion impacted on other classes. 
When 56 students discuss learning tasks in their groups, they make loud noise. The students’ noise 
and sometimes the teacher’s voice also affect other classes because of the adjoining classrooms. The 
teachers who teach other classes complained that they cannot teach due to loud noise. (765-768) 
9.9.1.5 The paucity of resources. 
Mrs. Malee reported that the school did not have many teaching resources even though it was a 
national school.  
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We try to manage somehow with the existing environment. We do not have many physical resources 
even though we were named as a ‘NATIONAL SCHOOL’. We have only blackboard, chalk, desks 
and students in a classroom. We do not have many facilities in this school. (793-796) 
She described how the lack of learning resources influenced her teaching. She formed five groups 
comprised of 10 to 12 students per group instead of 5 to 6 students. But she thought “it is not 
effective” (800). For example:  
Every student needs some sort of first-hand experience when they conduct experiments. Practicals 
experiments are effective with a small number of students [in a group]. But we do not have space, 
apparatus and even furniture in the lab. (805-808) 
She mentioned that some experiments could not be undertaken due to the lack of equipment and 
chemicals.  
Our lab has now only one photometer to measure transpiration rates from a plant. One of our 
photometers was broken. So we face difficulties to measure transpiration in plant leaves. We just 
demonstrate what the photometer is. (812-814) 
Mrs. Malee also believed that administrative reasons resulted in the lack of science resources. She 
said: 
We do not receive adequate resources from the Ministry [of Education]. Science equipment was 
distributed at the zonal level. But our [national] school was controlled by the central government. 
(821-823) 
However, she did explain how she tried to overcome some of her difficulties. For example, 
“Sometimes we borrow chemicals from the A/L lab” (802-803). She mentioned that students who 
studied in A/L classes helped the students who were studying for their GCE (O/L) with completing 
their science experiments.  
9.9.1.6 The problems with the science textbooks. 
Mrs. Malee valued the clarity and organisation of the previous science textbooks. She stated that 
“[the current] science textbooks are not attractive to read” (581). She believed that previous 
textbooks were well-designed compared with the present generation of science textbooks. In 
addition, she noted that the “students need to read several times in order to understand science 
concepts in the present textbooks” (592). To compensate for the deficiencies, she sometimes used a 
past science textbook with her students as they explained the concepts more clearly.  
9.9.2 The influence of private tuition. 
The second contextual factor that influenced Mrs. Malee’s science practices were related to the 
Influence of Private Tuition. She believed that many parents encourage their children to attend 
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tuition classes in order to excel in the national examinations. Mrs Malee pointed to several effects 
of private tuition on students’ learning. She said that “many students attend tuition classes almost 
every day particularly, for all the core-subjects” (181). As a result, she believed that the students did 
not have time to engage in homework and independent study.  
The students return home at 9 p.m. or 10 p.m. after attending tuition classes. Nowadays the students 
study like machines and they do not have time to read their learning materials. (188-189) 
9.9.2.1 Perceptions of private tuition. 
Despite her expressed views related to the influence of private tuition on students with respect to 
their homework and independent study, Mrs. Malee seemed to have a rather positive attitude toward 
private tuition. She believed that tuition was important for helping students understand difficult 
subjects. “I am not saying tuition should stop. Students need to go to tuition only for difficult 
subjects” (194). She believed that “if the less able students can afford the tuition fee, they can 
obtain extra support from private tuition” (196). However, she also believed that “if the students 
learn only from the school teacher, [not the private tuition teacher] and engage in self-studies, they 
can achieve well in exams” (200-201). Mrs. Malee said that she treated students equally including 
those who did not attend her tuition classes. This statement is important as she pointed out that 
some school teachers encouraged every student to attend their private tuition classes and those who 
attended for their private classes received preferential treatment.  
9.9.3 The influence of parents. 
The third contextual factor that influenced Mrs. Malee’s teaching practices referred to the Influence 
of Parents. She talked about different ways that parents contributed to their children’s learning. She 
spoke about parents’ involvement in and support for learning and the pressure and “high 
expectations” they placed on their child in relationship to their learning. Mrs. Malee believed that 
family members, particularly parents, influenced their child’s learning. She talked about parents’ 
involvement in and support for learning. For example, she stated that parents with high educational 
backgrounds (parents who held a degree or diploma) tended to supervise to a greater extent and 
provided more supplementary learning materials than parents with low educational backgrounds. 
Despite the value Mrs. Malee placed on parents’ support for learning, she spoke about influence of 
parental pressure to their children’s learning. For example:  
Some parents do not understand their children’s abilities in science. They “push” their children to 
select science or mathematics for their A/Ls. Finally, the parents’ choice of subjects ruins the 
students’ futures. (832-834) 
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In a similar vein, Mrs. Malee described how parental pressure could be a negative factor in 
students’ future subject selection.  
Some parents, particularly mothers, placed too much pressure on their children to study science who 
were not interested in it. Students who selected science due to parental pressure may end up failing 
exams or without any desire to study. (836-838) 
Mrs. Malee mentioned that most of the students set their goals to achieve exams with “high” grades 
because of their parents’ pressure. In particular, she mentioned that “mothers put more pressure on 
their children to do well in exams rather than fathers” (852). Mrs. Malee also perceived that “most 
of the mothers were more motivated and dedicated to their children’s education in this school” 
(855). However, she said that “some students did not have the ability to perform well in exams to 
fulfil their mothers’ expectations. Some mothers push their children to pass the (O/L) exam but they 
fail A/Ls” (863-864) and observed that some mothers treated their children badly by scolding them 
when they did not perform well.  
She further described how parents influenced their children not only for future subject selection or 
achieving good grades, but also for career choices. She mentioned some parents believed science 
was a good career choice for their children and they pushed or “prodded” their children into 
science. She also reported that many parents of her students were employed in good careers, and 
wanted their children to pursue professional careers, for example, medicine and engineering.  
She criticised some parents as “big-headed” revealed by over-estimating their children’s abilities. 
For example:  
Some of these students obtain low marks [for the term test]. But the mothers do not like to accept the 
child’s low achievement. The reason is that the tuition teacher “overstated” their children’s abilities. 
So, mothers do not like to accept the “truth” [the child’s low achievement]. They said “X” teacher 
[name of the private tuition teacher] says that my son can get high marks. So we can’t believe his 
low marks”. The parents bring the test paper and argue with us. But some parents are very humble. 
They rectify their children’s weaknesses when we pointed them out. (871-877) 
Mrs. Malee believed that parents played a key role in their children’s learning, and the parents’ 
expectations, attitudes, and aspirations greatly influenced their children’s involvement in and 
support for learning. Parental pressure and high expectations also influenced the amount private 
tuition received by the children. 
9.10 Summary and Conclusion 
It appears that Mrs. Malee has attempted to develop students’ science interests by using a variety of 
practices (e.g., providing hands-on activities and outdoor learning experiences) that focus on 
student engagement. She helped students to set and to reach their goals. She also encouraged 
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students’ independent learning by giving students responsibility for their learning and allowing 
students to make choices in their learning tasks. These practices may help students to foster SRL. 
However, a closer examination of Mrs. Malee’s teaching practices appeared typically to focus on 
the transfer of factual information associated with the lesson from the teacher to the students and 
thus suggesting that the teacher was the main knowledge provider in the classroom. In addition, the 
influence of parents and private tuition are important factors to consider in examining the quality of 
students’ learning. 
Chapter 10 reports the findings of the cross-case analysis of the four teachers and their practices. 
This is presented next.  
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Chapter 10:   Cross-case Analysis  
Chapter 10 comprises two sections. The first section reports and discusses the similarities and 
differences of the themes across the four senior secondary school science teachers’ practices. The 
analysis pertains to the observational and interview data reported in Chapters 6 to 9. The analysis 
identified whether the case attributes were common or unique. The second section interprets the 
findings following a deductive thematic analysis of Phase 2 of the study. The deductive analysis 
involved Pintrich and Zusho’s (2007) model.  
The similarities and differences among the science teachers’ teaching practices were organised as 
six key themes (Appendix 26). The key themes were: (1) developing scientific learners; (2) 
developing students’ science interests; (3) helping students to achieve their goals; (4) developing 
students’ independent learning; (5) identifying and supporting students; and (6) contextual factors 
that influence science teaching and learning, namely barriers to teaching and learning, the influence 
of private tuition, and the influence of parents. 
The key themes are presented in Figure 10.1 in relation to the four cases. The figure locates the four 
participant teachers in each cell. Four key themes and one of the themes associated with the 
contextual factors that influence science teaching and learning (i.e., Barriers to Teaching and 
Learning) were identified in the centre of the figure as they were common to all the teachers. 
Practices common to two or three teachers were identified in the overlap of the relevant cells (e.g., 
Developing Students’ Independent Learning). A unique practice is identified in the case of Mrs. 
Malee (i.e., The Influence of Parents). 
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Figure 10.1. The key themes and themes across the four cases. 
10.1 Developing Scientific Learners 
The first key theme Developing Scientific Learners referred to developing students’ conceptual 
knowledge and understandings of science concepts. All four teachers tried to develop students as 
scientific learners (Figure 10.1) and they used three types of practices to do this. These comprised: 
(i) practices to build knowledge; (ii) practices to help students learn together; and (iii) practices to 
assist students to retrieve knowledge.  
10.1.1 Practices to build knowledge.  
One of the practices that all of the teachers used was to ensure scientific knowledge was applied to 
everyday life. In addition, Mr. Hiru, Mrs. Hima, and Mr. Kuma reported that they used teacher 
demonstration, while Mr. Hiru used concept maps to develop students’ conceptual understandings. 
Mr. Hiru was the only teacher to report the use of brainstorming to develop students’ science 
knowledge.  
All the teachers said they used models in science (e.g., DNA, the human respiratory system, human 
teeth, the atom). The teachers’ use of models in science helps students to develop their conceptual 
understandings and foster their science interests (Pasini, Bertolotto, & Fasano, 2010). Mrs. Malee 
also employed some distinctive practices such as the use of scaffolding and visual representations 
(e.g., graphs) in order to develop students’ scientific knowledge. For example, in the first observed 
lesson, Mrs. Malee used modelling and scaffolding to teach the functions and safe use of a Bunsen 
burner. She modelled the first part of the learning task that the students could not yet manage. Then, 
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Mrs Malee scaffolded the students to perform the learning task and provided occasional hints to the 
student on what to do next. Thus, Mrs. Malee may have helped students to develop SRL through 
modelling and scaffolding.  
Mr. Hiru also reported that he used modelling to explicitly demonstrate a certain strategy to build 
students’ scientific knowledge. According to Dignath and van der Werf (2012), modelling and 
scaffolding seem to be different. In modelling, the students observe the teacher to learn how to use a 
certain strategy (using either implicit or explicit instruction), while in scaffolding, the teacher 
gradually moves from teacher control to student control whilst carrying out a learning task. The 
teacher does parts of the task that the student cannot yet manage, and gives occasional hints to the 
student on what to do next. The teachers’ use of modelling and scaffolding promotes students’ SRL 
(e.g., Perry et al., 2008; Schunk & Zimmerman, 2007). For example, in Perry et al.’s (2008) study, 
some of the practices that the faculty associates and mentor teachers used to scaffold student 
teachers’ promotion of SRL were associated with modelling, using explicit language, examples or 
suggestions about enhancing SRL, and asking process and metacognitive questions. In the present 
study, when Mrs. Malee modelled how to manipulate the flame of a Bunsen burner, she made 
suggestions about what the students could do, gave occasional hints to students on what to do next, 
and asked metacognitive questions (“What could you do?” “What would occur if you open the air 
hole fully?”) which may help the students to develop their self-regulatory skills. Thus, it seems that 
Mrs. Malee used modelling and scaffolding to build students’ science knowledge and at the same 
time was developing their self-regulatory skills, although it is not known if she was aware of 
developing the latter. 
All four teachers reported that they activated students’ prior knowledge through questioning, a 
practice that was also observed in their science classrooms. In a US study of ten elementary and 
middle school teachers’ beliefs, knowledge, and classroom practices of SRL, Spruce and Bol (2014) 
observed that the teachers prompted students to access prior knowledge by asking questions which 
may help, amongst other things, the students to understand the task and its goals, monitor, and 
judge outcomes in relation to the goals. Although the teachers in the present study activated the 
students’ prior knowledge, it appears that they predominantly asked questions to establish the 
relationships between existing knowledge and new information.  
10.1.2 Practices to help students learn together. 
The teachers often referred to group work to help students to learn together. Most of the observed 
science lessons were teacher-centred and the students learnt as a whole class. But it was observed 
that Mr. Hiru, Mr. Kuma, and Mrs. Malee used group work in science laboratories to promote the 
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goal of learning together. All the teachers believed that group work helped students to develop and 
share their knowledge and skills with their peers. The teachers used group work in a variety of 
ways. All the teachers used group experiments and group discussions to create environments where 
the students could work together. Mr. Hiru said that he used mini study groups, which distinguished 
him from Mrs. Hima. Mrs. Hima made use of group problem-solving tasks.  
However, in the observed lessons, a didactic mode of instruction used by Mr. Kuma and Mrs. Malee 
hindered the exchange of information amongst students and responses were not encouraged. In the 
present study, there were also differences in the practices related to group work. Mrs. Hima 
believed that group problem-solving tasks helped students to develop their scientific thinking (e.g., 
analysing, planning) and teamwork. Indeed, these findings add to those of a number of authors 
(Grau & Whitebread, 2012; Järvelä & Järvenoja, 2011) who have suggested that skills such as 
listening, mutual respect, and communication are developed by group work.  
10.1.3 Practices that assist students to retrieve knowledge. 
As part of developing scientific learners, the teachers mentioned that they used practices to help 
students to remember science concepts, theories, and laws. Cognitive strategies have been 
developed and used in Sri Lankan classrooms for many years. These cognitive skills included 
rehearsal (e.g., reading class notes and the textbook over and over again, memorizing key words, 
making lists of important terminology in science and memorizing the lists), elaboration (e.g., 
paraphrasing) to extend ideas, and organisational strategies (e.g., taking notes, drawing diagrams, or 
developing concept maps). There is no doubt these benefit students in cognitive planning, 
monitoring, and activating their knowledge. Rehearsing and memorizing learning materials has 
been identified as a SRL strategy by Lopez, Nandagopal, Shavelson, Szu, and Penn (2013). 
Findings in their study show that ethnically diverse, undergraduate students in the US commonly 
used reviewing-type strategies as a form of memorization, to remember concepts in organic 
chemistry. These strategies helped students to carry a lower cognitive load and to cover large 
amounts of information in short periods of time. However, in that study students faced difficulties 
in draw connections between information and to developing a conceptual understanding when 
performing a task, thus such strategies have limitations. 
According to Greene and Azevedo (2009), both memorization and the use of mnemonics are 
examples of macro-level SRL processes that learners use as verbal or visual strategies to remember 
the content, text, and diagrams in science. Perhaps Mr. Hiru, Mrs. Hima, and Mrs. Malee’s use of 
memory techniques (e.g., mnemonics) assisted students to recall facts and lists, or to create visual 
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representations of their science knowledge. These memorization techniques may help students to 
remember science concepts for use in examinations but this does not reflect deep learning. 
Mr. Hiru, Mrs. Hima, and Mrs. Malee mentioned that they asked students to use memory 
techniques such as mnemonics, highlight text materials, take their own notes, memorize the key 
laws, theories, and principles of science, and write summaries in the margins of their notebooks in 
order to help them to remember what they had learned and obtain good grades. Mrs. Malee admitted 
that “rote learning is not a good way of learning” (368). But nevertheless she asked the students to 
do this as a way to prepare for the GCE (O/L) examination. Thus, the exam-driven education 
system in Sri Lanka’s senior secondary schools may contribute to the teachers’ emphasis on 
developing students’ memorising abilities.  
The next section reviews the teachers’ practices that hindered students’ development as scientific 
learners. The practices that are described were observed in the teachers’ classrooms. Students 
develop inquiry and critical thinking skills when they engage in questioning and analysis, and 
complex problem-solving in science (e.g., Schraw et al., 2006). While SRL is critical to successful 
science learning, engagement in tasks and the use of teaching practices that fostered SRL in the 
science inquiry learning, critical thinking, and argumentation (Sinatra & Taasoobshirazi, 2011) that 
foster students' higher order thinking were not evident in Mrs. Hima’s and Mr. Kuma’s lessons. In 
addition, while some of the four teachers spoke about using a range of teaching practices (e.g., 
brainstorming and concept maps) that fostered students’ scientific learning, these were not observed 
in the teachers’ classrooms.  
In the observed lessons, three of the four teachers’ teaching practices were focused on teacher-
centred approaches (e.g., the initiation-response-evaluation (IRE) pattern of questioning, teacher 
demonstrations, and dictating notes). All the teachers used questioning as a way to develop students 
as scientific learners; however, the pattern of questioning was predominantly the IRE pattern. All of 
the teachers focused on science content coverage as part of preparing the students for their exams 
and they paid little attention to developing the students’ higher order cognitive skills (e.g., analysis, 
synthesis, evaluation) that promote SRL learning. Occasionally, in Mr. Hiru’s and Mrs. Malee’s 
classrooms, students made verbal contributions but in whole-class teaching, few opportunities were 
provided to allow these students to develop scientific argumentation and critical thinking. Thus, 
there were few opportunities that could have fostered higher order thinking to develop SRL.  
The findings indicated that teachers in the present study predominantly used the IRE pattern of 
questioning reinforce the findings of previous research. In Pimentel and McNeill’s (2013) study, for 
example, five US secondary school science teachers and their students participated in an 
investigation of the teachers’ approaches to discussion during the piloting of an urban ecology 
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curriculum designed to support student participation in science discourse. Pimentel and McNeill 
found that the teachers mainly used whole-class discussions which were predominantly teacher-
centred and authoritative (e.g., use of the IRE discourse). They also observed that most of the 
teachers were more focused during instruction on transmitting facts and listing evidence for the 
classroom discussion (i.e., global climate change) than on promoting the students’ active 
application of the information associated with these topics. 
In the present study most of the teaching occurred in the classrooms or the science laboratories 
except for Mr. Kuma’s use of the herb garden in teaching some biology lessons. Most of the lessons 
observed in the science classrooms were dominated by didactic and textbook-based learning. The 
results are teacher-centred and authoritative practices. Other studies (e.g., Nargund-Joshi et al.’s 
2011 study in India, and Sarkar & Corrigan’s, 2014 study in Bangladesh) have noted the frequent 
use of didactic and textbook-based teaching and learning in secondary school science classrooms in 
this part of the world. Thus, the findings in this study added to the findings of Nargund-Joshi et al. 
(2011) and Sarkar and Corrigan (2014). 
The teachers acted as the main knowledge provider and evaluator of the observed science 
classrooms. While there were some group discussions and experiments (Mr. Hiru, Mr. Kuma, and 
Mrs. Malee), the use of questioning techniques during teaching and the teaching in Mrs. Hima’s 
classroom requiring students to copy notes that were either dictated by the teacher or transcribed 
from the blackboard were dominant. This form of teaching is unlikely to develop students’ 
cognition and motivation (Wolters & Taylor, 2012). Findings in Logan and Skamp’s (2013) study 
in Australia also showed that secondary school students displayed a low degree of interest when the 
teacher used excessive copying of notes and rushed through science content. In contrast, a study 
conducted by Çimer (2012) of Grade 11 Turkish students indicated that they preferred to learn key 
concepts in biology lessons in which the teacher dictated the notes. The students in Çimer’s study 
stated that this practice helped them to focus on what they needed to learn instead of trying to learn 
everything in the textbooks or in the teacher’s lesson. Mrs. Hima, in the present study, believed that 
teacher dictated notes helped the less able and those who demonstrated English language difficulties 
when learning science concepts. She dictated notes and repeatedly mentioned that some of her 
students (particularly less able students) were very passive and needed the teacher to help them in 
this way. In her mind, independent learning was too abstract and benefitted only the very high 
ability students. This view was very consistent across teachers from the different schools (e.g., Mr. 
Kuma). However, when teachers hold such beliefs about students and their abilities, SRL may not 
be promoted. This is consistent with a study by Lau (2011) who found that Chinese language 
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teachers’ perceptions about their students’ abilities were the major barrier to implementing practices 
related to SRL in their secondary school language classrooms in Hong Kong.  
10.2 Developing Students’ Science Interests  
The second key theme Developing Students’ Science Interests referred to a variety of practices that 
the teachers used to develop students’ science interests, both in the classroom and through out-of-
school learning experiences. In this study, the four teachers mentioned that they fostered their 
students’ science interests (Figure 10.1). All four teachers reported that they provided out-of-school 
learning experiences such as science exhibitions, fairs, and competitions in order to develop 
students’ interests in science. Mr. Hiru, Mr. Kuma, and Mrs. Malee used the natural environment to 
develop students’ interests in science. Specifically, Mr. Kuma encouraged the students to maintain 
an indigenous herb garden.  
Findings relating to participating in out-of-school learning experiences in order to spark students’ 
science interests have been found in several studies conducted in Canada, Australia, and Turkey 
(e.g., Dionne, Reis, Trudel, Guillet, Kleine, & Hancianu, 2012; Logan & Skamp, 2013; Şentürk & 
Özdemir, 2014). For example, in Dionne et al.’s (2012) study, Canadian high school students were 
motivated to participate in the 2008 Canada-Wide Science Fair. The motivation factors of students’ 
participation in this fair were related to: (i) developing students’ science interests; (ii) winning 
prizes or awards that science fairs provide; (iii) developing a sense of self-efficacy in science; (iv) 
developing social aspects of the event (i.e., enjoy travelling, meeting with new people); and (v) 
acquiring knowledge and learning strategies. Similarly, Logan and Skamp (2013) found that 
Australian Grade 10 students seemed to demonstrate a high degree of personal interest and 
enthusiasm in science when they participated in out-of-school learning experiences such as science 
and engineering workshops and an environmental sustainability camp.  
Mrs. Hima, Mr. Kuma, and Mrs. Malee also valued fieldtrips as a way of developing students’ 
interests. The findings of the present study about developing students’ science interests through 
fieldtrips are consistent with several other studies. Bryan et al. (2011) and Pickens and Eick (2009) 
indicated that US high school students were motivated to learn science when they participated in 
fieldtrips. Dohn (2013) also found that Danish upper secondary students’ science interests were 
sparked during a fieldtrip to a zoo. Specifically, the trip promoted their active involvement in a 
laboratory exercise to use the Comparative Proteomics educational kit to study protein structure and 
function, and to create cladograms in order to determine evolutionary relatedness between species. 
The laboratory exercise through hands-on activities created interest through novelty and surprise, 
knowledge acquisition, and encouraged social involvement (i.e., opportunities for socialisation).  
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Mrs. Hima, Mr. Kuma, and Mrs. Malee also provided hands-on learning activities in the classrooms 
and laboratories to develop students’ interests. For example, Mrs. Hima said that she allowed 
students to create scientific experiments in the laboratory. Mr. Kuma also believed in the use of 
hands-on activities and encouraged his students to make equipment for science exhibitions. The use 
of such hands-on activities to spark high school students’ science interests has also been found in 
several other studies (e.g., Areepattamannil et al., 2011; Bryan et al., 2011). Bryan et al. (2011) 
found that US high school students in their study stated that they were motivated by hands-on 
activities in their science lessons. Areepattamannil et al. (2011) also found a link between hands-on 
activities, students’ interests and motivation and achievement in a study of students from 431 
secondary school students across Canada. The researchers found that science teaching using hands-
on activities enabled students to learn from experiments conducted either by the individual student 
or by the teacher had a substantial positive predictive effect on science achievement.  
In the current study, the secondary school science teachers also fostered students’ interests to learn 
science by relating content to the students’ lives and interests. All the teachers referred to practical 
applications of the science concepts they taught. Mr. Hiru used self-made, low-cost equipment to 
teach science lessons. For example, Mr. Hiru used a rubber suction cup to teach the students about 
the concept of air pressure. In summary, it is evident that these senior secondary school science 
teachers were developing students’ science interests through a variety of activities such as hands-on 
activities, fieldtrips, gardening, science exhibitions, and competitions, like their counterparts in 
other countries. 
10.3 Helping Students to Achieve their Goals  
The third key theme Helping Students to Achieve their Goals referred to assisting students to set 
their goals, use practices to reach their goals, and encourage students to monitor their progress. All 
the teachers specifically mentioned that they helped students to achieve their learning goals in 
science (Figure 10.1). In Mr. Hiru’s, Mrs. Hima’s, and Mrs. Malee’s classrooms, the teachers 
helped the students to set learning goals which helped them to monitor their science learning. For 
example, Mrs. Hima reported that she encouraged students to construct a concept map at the end of 
each science unit so that students could check their understandings of the concepts being taught and 
determine whether they needed to develop their understandings further. Mrs. Hima encouraged 
students to self-monitor their own progress, and also used concept maps as an assessment tool to 
monitor students’ learning in a way that may develop SRL. Such practices (e.g., the use of concept 
maps as a tool to monitor students’ learning) were used in Bramwell-Lalor and Rainford’s (2014) 
study. In their study, the science teachers encouraged their Jamaican Advanced level biology 
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students to draw their own concept maps to determine whether they understood the science content 
or whether they had misunderstandings.  
All four teachers reported that they helped their students to set goals related to achievement in 
exams. Mr. Hiru, Mrs. Hima, and Mrs. Malee noted that many of the students’ goals were to obtain 
high grades (“A” or “B”) in the GCE (O/L) exam. These grades would allow them to later select 
either biology or mathematics for their GCE (A/L) exam. The teachers helped students to develop 
their test-taking strategies to prepare students for the GCE (O/L) examination. In addition to the 
goals related to achievement, the four teachers also conducted after-school classes to assist students 
with exam preparation. Mr. Hiru and Mr. Kuma both mentioned that they set model question papers 
to prepare the students for the exam, while Mrs. Malee discussed answers for the term test papers 
and past exam papers with the students and provided them with feedback.  
Furthermore, three of the four teachers (Mr. Hiru, Mrs. Hima, and Mrs. Malee) reported that they 
assisted their students to set future career goals. Mr. Hiru and Mrs. Hima helped students to develop 
awareness of future career opportunities in science-related fields and provided information on 
programmes and courses offered by the universities. Mr. Hiru also encouraged students to 
participate in career exhibitions such as the EDEX Expo. Other studies have also promoted the role 
of developing career awareness which may help students to set their own career goals. Archer, 
DeWitt, and Dillon’s (2014) study focused on raising awareness and providing experiences in a 
range of science, technology, engineering, and mathematics (STEM) careers. They noted that 
school visits/excursions, networking events with STEM professionals, and participation in out-of-
school events (e.g., career exhibitions) assisted the 13 to 14 year old students to develop career 
goals. It would seem that the kinds of activities employed by the three teachers in the present study 
may assist students to develop their science-related career goals. 
10.4 Developing Students’ Independent Learning  
The fourth key theme Developing Students’ Independent Learning mainly referred to taking 
responsibility and control of their own learning. The establishment of independent learning may be 
beneficial to the students and this was one of the aims of the present Sri Lanka’s education reforms. 
Mr. Hiru, Mrs. Hima, and Mrs. Malee mentioned that they tried to develop the students’ 
independent learning (Figure 10.1). Both Mr. Hiru and Mrs. Hima specifically spoke of independent 
learning. Mr. Hiru identified the personal attributes (e.g., persistence) and skills (planning and time 
management) of independent students. However, Mr. Kuma did not appear to foster students’ 
independent learning during the observed lessons. In relation to the elements of the education 
reforms, certain strategies (e.g., SCL, the 5E instructional approach and the teacher as a facilitator) 
were hardly observed in this classroom lessons.  
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Both Mr. Hiru and Mrs. Malee said that they used science experiments to develop student autonomy 
and Mr. Hiru said that he used role-play to develop this. He offered choice and asked students to be 
responsible for writing scripts and for selecting characters (e.g., atoms, blood cells) in their role-
plays. Mrs. Malee also said that she allowed students to choose group members with whom they 
would complete their experiments. Providing choice to students when participating in learning 
activities has been found to be related to independent learning (e.g., Perry, VandeKamp, Mercer & 
Nordby, 2002; Schuitema et al., 2012). A study conducted by Schuitema et al. (2012) found that 
when the teacher gave responsibility to their Dutch secondary school students for their own 
learning, and recognised the students’ own perspectives by offering them choice, their independent 
and self-regulated learning were promoted. Perry et al.’s (2002) study also found that autonomy-
supportive teaching practices, such as offering students choice in terms of what to work on, where, 
and with whom, and allowing time for independent work enhanced US primary school students’ 
independent learning and SRL.  
In addition, Mrs. Hima and Mrs. Malee said that they encouraged the students to seek knowledge 
from different sources such as peers, experts, and the mass media (e.g., the Internet) rather than 
solely depending on the teacher’s instruction. However, both Mr. Hiru and Mrs. Hima reported that 
many students depended on the teacher’s instruction rather than taking responsibility for their own 
learning. A lack of self-confidence and a lack of motivation were other factors that Mrs. Hima 
believed limited the students’ independent learning.  
10.5 Identifying and Supporting Students 
This fifth key theme Identifying and Supporting Students referred to the ways that the teachers 
identified and were concerned about: (i) students with different abilities; (ii) students with language 
difficulties; (iii) differences between male and female students; and (iv) students from different 
socio-economic backgrounds (Figure 10.1). All the teachers in the present study believed that 
students’ abilities needed to be considered when they grouped their students. Mrs. Hima and Mrs. 
Malee tended to form heterogeneous groups, while Mr. Kuma valued ability grouping. Mr. Kuma’s 
views about ability grouping, however, may have detracted from creating an inclusive school 
environment because he believed that “poorly achieving students” should be taught in a separate 
classroom.  
Mr. Hiru, Mrs. Hima, and Mrs. Malee said they identified and helped students with different 
abilities in their classrooms because they wanted to help every student to become successful in their 
learning. Mrs. Malee referred to students who had “low, middle, and high ability” in learning 
science. When she referred to these three groups, they were grouped in terms of their year-end term 
test grades in science. For example, she identified low ability students as those who obtained below 
 164 
30 marks out of 100. Mrs. Malee said she re-taught basic science concepts to the less able students 
and provided them with supplementary learning materials, such as handouts and CDs, in order to 
extend their understanding of complex concepts. 
Both Mr. Hiru and Mrs. Malee identified that male and female students had particular subject 
interests and study habits. Mrs. Malee believed that girls were better at biology than physics 
because they spent longer hours studying to get good grades. Mrs. Malee believed that girls used 
more memory techniques such as making notes and rote learning to remember science facts. Mr. 
Hiru also believed that girls demonstrated more interests in biology and boys showed more interests 
in physics.  
The next section describes the sixth key theme Contextual Factors that Influence Science Teaching 
and Learning.  
10.6 Contextual Factors that Influence Science Teaching and Learning 
In this study, three contextual factors were identified as influencing science teaching and learning. 
These were: (i) barriers to teaching and learning; (ii) the influence of private tuition; and (iii) the 
influence of parents. 
10.6.1 Barriers to teaching and learning.  
All of the science teachers reported that their teaching practices were hindered by a variety of 
challenges (Figure 10.1). These were related to the lack of time available to complete the 
overloaded science syllabus, the physical setting of the classrooms, the paucity of resources, and the 
problems with the science textbooks.  
10.6.1.1 The overloaded science syllabus.  
The perceived “pressure” to cover subject content in science was one of the main obstacles in 
teaching and learning science. Mrs. Malee said there was a tension for her in trying to complete the 
syllabus and preparing the students for the GCE (O/L) examination. Mr. Kuma said the overloaded 
syllabus led to difficulties in employing a range of teaching practices and conducting the 
recommended number of science experiments as stated in the teacher’s guide. Mrs. Hima 
mentioned difficulties in engaging students in activities that developed their thinking and skills. 
Mrs. Malee also reported that two periods per week were not adequate to complete the science 
experiments in the laboratory.  
The finding related to teachers’ perceptions of an overloaded curriculum is in line with Aturupane 
et al.’s (2011) study. Aturupane et al. (2011) pointed out that many teachers in their study in Sri 
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Lanka reported that they arranged classes after-school and during the holiday periods in order to 
complete the syllabus. The overloaded content of science syllabi has also been noted in several 
studies including studies conducted in India, US, and Bangladesh (e.g., Nargund-Joshi et al., 2011; 
Pimentel & McNeill, 2013; Sarkar & Corrigan, 2014). For example, pressure to cover subject 
content in science was one of the main obstacles reported by secondary school science teachers in 
India (Nargund-Joshi et al., 2011). In addition, the lack of time available created a tension for US 
secondary school science teachers in a study by Pimentel and McNeill (2013). 
10.6.1.2 The physical setting of the classrooms. 
The teachers commented on a range of problems that they encountered due to the physical setting of 
the classrooms. Mr. Hiru, Mrs. Hima, and Mrs. Malee reported that the large number of students, 
the small size of the classrooms, and the seating arrangements were barriers to their science 
teaching practices. The lack of space was given as a reason why group work or group discussion did 
not occur. Mrs. Malee reported that the noise from the teachers and the students in adjoining 
classrooms affected her teaching practices. In addition, both Mr. Hiru and Mrs. Malee reported that 
poor lighting influenced the visibility of the science diagrams used in their lessons.  
10.6.1.3 The paucity of resources. 
All four teachers referred to the paucity of resources (e.g., science equipment and chemicals) as a 
barrier to their science teaching. They said they would have liked to introduce more laboratory 
experiments and equipment. However, Mr. Hiru was the exception to this. Mr. Hiru made his own 
equipment. The lack of funds to purchase laboratory equipment and chemicals was identified as one 
of the challenges. The results of the present study are consistent with Aturupane et al.’s (2011) 
study in which science teachers reported that the majority of schools in Sri Lanka lacked laboratory 
resources, in particularly laboratory chemicals.  
10.6.1.4 The problems with the science textbooks.  
Mrs. Hima, Mr. Kuma, and Mrs. Malee spoke about problems with the science textbooks. Mrs. 
Hima reported on the spelling errors and discrepancies between the syllabus and the textbooks and 
commented on differences in the figure representations in the English-medium textbooks compared 
with the Sinhala-medium textbooks. Mr. Kuma identified factual, spelling, and grammatical 
mistakes in the textbooks. The finding related to problems with the science textbooks aligns with 
previous research conducted by Aturupane et al. (2011) in Sri Lanka. These researchers also 
identified factual errors, a lack of clarity of subject matter, changes to content of subject material 
following translation, inconsistencies in Sinhala, Tamil, and English language texts, and 
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grammatical and typographical errors. The teachers admitted that these barriers hindered them in 
creating learning environments that promoted student-centred learning — the main aim of the Sri 
Lankan government’s education reforms. All the teachers reported several reasons (e.g., the 
overloaded syllabus, the lack of time, space, and equipment) for why there was a mismatch between 
a more SCL environment and what actually occurred in their classrooms. Another contextual factor 
that the teachers thought impacted on science teaching and learning was private tuition. 
10.6.2 The influence of private tuition. 
Mr. Kuma and Mrs. Malee referred to the influence of private tuition on students’ learning (Figure 
10.1). Both Mr. Kuma and Mrs. Malee believed that one of the main reasons for students to attend 
private tuition classes was to achieve high grades in the competitive GCE (O/L) examination. In Sri 
Lanka, private tuition classes have been identified as a growing phenomenon, especially among 
students who are preparing for the competitive national examinations in Grades 5, 11, and 13 
(Pallegedara, 2011).  
The finding related to attending tuition classes in order to obtain high grades in the GCE (O/L) 
examination confirms a study conducted by Bray, Zhan, Lykins, Wang, and Kwo (2014). According 
to Bray et al. (2014) private tuition is in high demand in Hong Kong to improve school grades and 
performance on standardized examinations. Thus, secondary school students in Hong Kong 
believed that private tuition and private tutors were more effective in the provision of examination 
support compared with mainstream schooling and teachers.  
Mr. Kuma specifically spoke about the negative influence of private tuition on students’ learning. 
He said that students did not participate in after-school exam preparation classes because of tuition 
classes. Mr. Kuma further stated that the students did not have time to engage in independent 
learning and complete their homework on time due to tuition classes during the week. Mrs. Malee 
had a positive, more favourable attitude toward private tuition. She believed that private tuition was 
particularly important in helping less able students to understand difficult concepts in science. Mrs. 
Malee’s beliefs about tuition as a “remedial” strategy and Mr. Kuma’s views on “achieving high 
grades” were consistent with findings in Bray’s (2006) study. The participants in Bray’s study 
argued that tuition was advantageous irrespective of whether the tuition was of a remedial nature 
and helping pupils to keep up, or whether it was targeted at high achievers who wanted to achieve 
better grades.  
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10.6.3 The influence of parents. 
Only Mrs. Malee referred to parents’ involvement and support in their child’s learning (Figure 
10.1). She spoke about the pressure and the “high” expectations around achievement that parents 
placed on their child. Mrs. Malee mentioned that parents who had high educational backgrounds 
tended to supervise their children’s homework and provided more supplementary learning materials 
than parents with lower educational backgrounds. The results related to parents’ involvement 
corroborate the findings of Wong (2008), who found that greater parental involvement and 
autonomy support (e.g., helping students to complete homework) were related to better academic 
performance among US middle and high school students. Parents’ involvement and support and 
their attitudes influence students’ science achievement.  
10.7 Summary 
In summary, findings of this cross-case analysis of the four teachers who participated in Phase 2 of 
the study have revealed that the teachers were all committed to teaching their students to achieve 
well in science. There were both similarities and differences in several practices (e.g., developing 
students’ science interests, helping students to achieve their goals, and developing scientific 
learners) across the cases. As would be expected in science teaching, many of the teaching practices 
promoted the development of students’ conceptual knowledge of science. In some cases, teachers 
(e.g., Mr. Hiru and Mr. Kuma) attempted to draw links between these science concepts and 
students’ everyday lives by providing examples of how science was used by the students, but the 
practices of each teacher were different. This may be due to the teachers’ knowledge, practices, and 
the physical environment of the classroom, including the paucity of resources. The teachers 
reported a variety of practices that they used to foster their students’ science achievement. These 
involved activation of prior knowledge, hands-on learning activities, models, demonstration, 
questioning, brainstorming, mini study groups, group experiments, group discussions, group 
problem-solving, modelling and scaffolding, role-play, visual representation, dictating notes, and 
homework.  
It seems that several teaching practices also related to SRL including modelling, scaffolding, and 
developing independent learning. However, while the teachers reported a variety of practices that 
they used to foster students’ science achievement in responses to the semi-structured interview, it 
was noted that there was a mismatch between the teachers’ reported practices and what occurred in 
“real” classroom practices during classroom observations. For example, there were notable 
differences in Mrs. Hima’s reported practices and the classroom practices (i.e., dictating her notes) 
that were observed. 
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Overall, the case studies of the four teachers provide information and offer insights into how these 
teachers used their teaching practices, and their beliefs about teaching, students, and learning. 
However, the teachers’ observed classroom practices demonstrated limited opportunities to foster 
the students’ autonomy and SRL. Perhaps this may be due to the exam-driven, overloaded science 
curriculum, the paucity of resources, and the lack of space in the science classrooms. Particularly, 
the teachers often referred to the time pressure they felt to cover the overloaded science syllabus, 
and perhaps this may be the major factor that influenced their practices.  
The next section describes the findings from Phase 2 following the deductive thematic analysis 
using Pintrich and Zusho’s (2007) model of student motivation and SRL. 
10.8 Findings of Cross-case Analysis in relation to Pintrich and Zusho’s (2007) 
Model of Student Motivation and SRL 
As indicated in Chapter 5, Pintrich and Zusho’s (2007) model discusses SRL in the context of 
tertiary settings (Figure 5. 1). The model illustrates the different expectations and/or outcomes 
related to student SRL and help to identify the practices that teachers may use to shape or develop 
those particular components. The next section interprets findings from the deductive thematic 
analysis in Phase 2 of the study in terms of Pintrich and Zusho’s (2007) model. The model was used 
to identify how the teachers’ practices (Part B) were used to develop students’ motivation (Part C) 
and SRL (Part D) based on the results of the Phase 2. All the four teachers’ practices were 
categorised and interpreted in relation to Parts B, C, and D of the model. 
10.8.1 Classroom context.  
The Classroom Context (Part B of the model) consists of four sub-components. These were: (i) 
academic tasks; (ii) reward structures; (iii) instructional methods; and (iv) instructor behaviour. 
10.8.1.1 Academic tasks.  
Academic tasks refer to the tasks that students are required to accomplish within the subject such as 
performing experiments and classroom discussions. Throughout the four cases, a range of teaching 
practices were identified in terms of academic tasks in science. For example, Mr. Hiru asked 
students to set deadlines for meeting their learning goals to complete the model question papers, 
assignments, and projects. Mrs. Hima used concept maps to help students to evaluate their progress 
of their own learning at the end of each unit. These practices could help students to monitor their 
learning tasks in relation to academic tasks (Part B of the model).  
Mr. Hiru and Mrs. Malee said that they encouraged the students to work in groups in performing 
experiments and allowed students to select topics and learning materials, group members, and steps 
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in an experiment. Mr. Hiru said that he used role-play to allow students to take responsibility to 
complete learning tasks (e.g., writing scripts, assigning tasks, and roles). These practices may be 
associated with the academic tasks (Part B of the model).  
The teachers identified and supported students with different abilities. For example, Mrs. Malee 
taught simple science concepts to the less able students and then she gradually explained the 
abstract concepts. Mrs. Hima claimed that she set different learning tasks for students with different 
abilities and provided extra support and time to complete learning tasks that were appropriate for 
the different abilities of her students. These practices may help students to develop their science 
learning in relation to academic tasks (Part B of the model). 
Research indicates that students develop a high degree of SRL when they are provided with 
opportunities to engage in “complex” and “challenging tasks” which are referred to as tasks that 
address multiple goals and large chunks of meaning and integrated cognitive processes and content 
across subject areas (Perry et al., 2007; Perry & Rahim, 2011). Completing complex and 
challenging tasks provides students with opportunities to monitor their learning and develop and 
refine their cognitive and metacognitive strategies (Perry, Phillips, & Dowler, 2004; Perry et al., 
2007) and stimulates personal effort and curiosity and develops student autonomy, which in turn 
fosters SRL (Perry & Rahim, 2011). 
10.8.1.2 Instructional methods. 
Instructional methods refer to the different teaching practices (i.e., lectures, discussions, laboratory 
activities, simulations) that the teacher employs in their teaching. In the present study, a variety of 
teaching practices were reported across the cases. All four teachers reported that they activated 
students’ prior knowledge through questioning. Mr. Hiru and Mr. Kuma used demonstration and 
Mr. Hiru and Mrs. Malee used modelling. Mrs. Malee used scaffolding and visual representations. 
Mrs. Hima and Mrs. Malee provided hands-on learning activities to develop students’ science 
interests. All the teachers said that they used group work develop students as scientific learners. 
These teaching practices (Part B) may assist the students to develop their SRL in terms of the 
model. In addition, Mr. Hiru and Mrs. Malee reported that they used practices to identify and 
support students with different abilities such as by conducting after-school classes. These practices 
may associate with instructional methods with reference to Part B of the model.  
In terms of the contextual factors that may influence science teaching and learning, the teachers 
reported a range of barriers that hindered their science teaching practices. Some of these barriers 
were issues related to the overloaded science syllabus, the lack of space, the paucity of resources, 
and the issues related to science textbooks. Due to these barriers, the teachers may find it difficult to 
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use teaching practices (Part B) in order to facilitate students’ science learning. For example, the 
overloaded science syllabus may impact on designing academic tasks that foster SCL. Tonks and 
Taboada (2011) state that instructional methods are important to developing students’ SRL because 
they support students to regulate their cognition, motivation, and promote student autonomy.  
10.8.1.3 Instructor behaviour.  
According to Pintrich and Zusho (2007), instructor behaviour refers to teacher characteristics (e.g., 
enthusiasm, clarity, rapport, expressiveness) and teacher expressiveness (e.g., eye contact, humour, 
voice inflection). Mr. Hiru said that he enjoyed science and explained how he was fascinated with 
science from a young age. Perhaps Mr. Hiru may act as a model for the students to acquire SRL 
skills, motivation to learn science and promote self-efficacy (Schunk & Zimmerman, 2007). Mr. 
Hiru’s personal characteristics such as enthusiasm in teaching science and making equipment to 
teach science lessons may be associated with developing students’ SRL in terms of the instructor 
behaviour (Part B) of the model. In addition, it was observed that Mr. Hiru praised his students for 
their efforts in learning. Mr. Hiru’s use of verbal praise may lead to fostering the students’ intrinsic 
motivation in learning in relation to reward structures (Part B of the model).  
In terms of the contextual factors that may influence science teaching and learning, the teachers 
reported the lack of space and the paucity of resources in their science classrooms. These reported 
barriers may hinder the teachers from using effective teaching practices (e.g., group work) with the 
students which is associated with the instructor behaviour (Part B of the model). As Boekaerts and 
Cascallar (2006) mentioned, teacher behaviour (i.e., clarity and pace of instruction, teacher 
enthusiasm, and teacher expectations about students’ capacity) promote students’ motivation and 
SRL.  
10.8.2 Motivational processes.  
Part C of the model refers to the Motivational Processes, which involve: (i) efficacy/control beliefs; 
(ii) values/goals; and (iii) affect/emotions.  
10.8.2.1 Efficacy/control beliefs. 
Efficacy/control beliefs refer to students’ beliefs about their ability to perform the task and control 
their behaviour (Pintrich & Zusho, 2007). The teachers assisted students to set and achieve their 
learning goals, goals related to achievement in exams and career goals. All four teachers reported 
that they helped their students to achieve their goals related to achievement in exams. Three of the 
four teachers (except Mr. Kuma) reported that they assisted their students to achieve future career 
goals. In both Mr. Hiru and Mrs. Malee’s classrooms, they helped the students to set their learning 
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goals in science learning and helped them to monitor their learning. This is in line with the findings 
by Schunk (1990) who indicted that when students set their own goals and engage in learning 
activities with goals, they are more likely to develop self-efficacy for goal attainment which may 
relate to efficacy/control beliefs (Part C).  
The teachers reported that they encouraged students to develop their independent learning. For 
example, Mr. Hiru allowed students to perform a role-play, while Mrs. Malee provided choice (i.e., 
selecting group members, tasks) when the students performed science experiments independently. 
Such practices may enhance students’ task interests due to the choices that they make and develop 
self-confidence and self-efficacy to perform the task. In this way they may develop their 
efficacy/control beliefs (Part C of the model). 
10.8.2.2 Values/goals. 
Values/goals refer to students’ goals for engaging in a task, as well as their beliefs about the 
importance of utility of, or interest in a task (Pintrich & Zusho, 2007). By providing a variety of 
experiences, the teachers may develop the students’ science interests in terms of task value (Part C). 
All four teachers reported that they developed the students’ science interests, through out-of-school 
learning experiences such as science exhibitions, fairs, competitions, and fieldtrips. Mrs. Hima, Mr. 
Kuma, and Mrs. Malee said that they used fieldtrips to develop students’ interests in science. Both 
Mrs. Hima and Mrs. Malee stated that they provided hands-on learning experiences, while Mr. Hiru 
encouraged students to become members of different societies and clubs in the school. Mr. Hiru 
also encouraged students to build networks with experts in science organisations such as the 
National Science Foundation. Mr. Kuma encouraged the students to maintain an indigenous herb 
garden at the school. He used the herb garden to teach biology. Engaging in activities in the 
indigenous herb garden may be useful for connecting learning experiences to the students’ lives.  
10.8.2.3 Affect/emotions. 
Pintrich and Zusho (2007) referred to affect/emotions as the students’ emotional reactions to the 
task and their performance (i.e., anxiety, pride, shame). The teachers believed that students’ 
emotions may influence their learning. For example, Mrs. Malee identified and supported students 
from different social and economic backgrounds. She showed empathy and caring for these students 
and attempted to develop their self-esteem by sharing her own experiences. Perhaps, she may assist 
students to regulate their feelings and (see Motivational Processes, Part C). 
Research highlights the importance of emotional regulation in promoting SRL (Boekaerts, 2011; 
Järvenoja, Volet, & Järvelä, 2013). Regulation of emotions is important in SRL in order to sustain 
students’ motivation, enhance social interactions between students, or a student and a teacher, and 
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complete learning tasks leading to enhanced achievement and well-being. Boekaerts (2011) 
explained emotions experienced by students in relation to their performance in examinations may 
influence their cognition and actions during the exam and may affect achievement.  
10.8.3 Self-regulatory processes.  
Part D of the model illustrates four self-regulatory processes. These were regulating: (i) cognition; 
(ii) motivation/affect; (iii) behaviour; and (iv) context.  
10.8.3.1 Regulating cognition.  
Regulating cognition refers to students’ attempts to regulate cognitive and metacognitive learning 
strategies. Across the cases, the teachers reported several practices that they used to build students’ 
knowledge in developing as scientific learners. These were: demonstration (Mr. Hiru, Mrs. Hima 
and Mr. Kuma); concept maps (Mr. Hiru and Mrs. Hima); brainstorming (Mr. Hiru); modelling 
(Mr. Hiru and Mrs. Malee); using audio-visual materials (Mr. Hiru and Mrs. Hima); scaffolding 
(Mrs. Malee); using visual representations (Mrs. Malee); rote learning (Mrs. Malee); and 
memorisation practices (Mr. Hiru and Mrs. Malee). Some of these practices (e.g., memory 
techniques) may help students to regulate their cognition (Part D). For example, Mr. Hiru, Mrs. 
Hima, and Mrs. Malee mentioned that they asked students to use memory techniques such as 
mnemonics, highlight text materials, and memorize the key laws, theories, and principles of science. 
Mrs. Malee asked students to rote learn the key laws, theories, and principles of science. When 
students use memory techniques such as mnemonics and rote learning of science laws and theories, 
it may help them to memorise science concepts by repeating them over and over and these rehearsal 
strategies may foster students’ cognition. Rote learning and memorisation practices can be 
identified in terms of Regulating Cognition (Part D of the model).  
Teachers helped students to achieve their goals and this may also be related to Regulating Cognition 
(Part D). Mr. Hiru, Mrs. Hima, and Mrs. Malee helped students to set and achieve goals. For 
instance, Mrs. Hima encouraged students to create a concept map to assist in clarifying and 
constructing their personal learning goals at the end of each unit and to monitor their learning. Mr. 
Hiru encouraged students to review their understandings of the concepts at the end of each lesson or 
unit. In this way these teachers may help students to plan, assess, monitor and guide their cognition. 
According to Pintrich (2004), planning helps students to set specific goals for their learning, while 
monitoring helps them to become aware of their goals and monitor their progress towards their 
goals. Both planning and monitoring are associated with cognition, and self-regulated students 
activate and sustain their cognitions and behaviours in order to reach their learning goals 
(Zimmerman, 2002).  
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However, in most of the classroom lessons that were observed, the teachers used predominantly the 
IRE pattern of questioning. This type of questioning may not assist students to regulate their 
cognition (e.g., thinking, and reasoning, Part D of the model). Successfully utilizing cognitive 
strategies such as reasoning, problem-solving, rehearsal, and elaboration may develop students’ 
SRL and achievement (Ben-Eliyahu & Linnenbrink-Garcia, 2015).  
10.8.3.2 Regulating motivation/affect.  
Regulating motivation/affect refers to students’ attempts to regulate their various motivational 
beliefs (i.e., goal orientation, self-efficacy, and personal interest in the task). The teachers helped 
less able students to develop their science learning. For example, Mrs. Malee provided encouraging 
feedback to the less able students which may help them to feel more personally efficacious and 
work harder to succeed in science. Mr. Hiru also helped the less able students to develop their 
mathematics skills to solve science problems. In this way the teachers may help less able students to 
regulate their motivation and affect which may be illustrative of the Motivation/Affect (Part D) part 
of the model. Many researchers (Tang & Neber, 2008; Zimmerman, 2008, 2011) have identified 
regulating students’ motivation as an important component in SRL. In Tang and Neber’s (2008) 
study, US high school students demonstrated motivational prerequisites of SRL such as self-
efficacy and intrinsic value when they studied chemistry compared with Chinese and German 
students. Regulation motivational strategies helped students’ effort, persistence at academic tasks 
(Wolters, Pintrich, & Karabenick, 2005) and enhanced self-efficacy and SRL (Berger & 
Karabenick, 2011).  
10.8.3.3 Regulating behaviour.  
Regulating behaviour refers to students’ attempts to control their own overt behaviour (i.e., time 
management). Mr. Hiru valued the importance of time management in order for students to become 
independent and asked students to make schedules for studying and allocating time for different 
activities. Such strategies may help students to become aware of and monitor their own behaviour, 
which fits well with Regulating Behaviour (Part D in terms of the model). Effective use of time 
management may help students with goal setting, planning, and self-monitoring their progress 
(Schunk, 2012). Eilam and Aharon (2003) found that Israeli Junior high school students enhanced 
their SRL skills in ecology by using yearly and daily planning reporting and managing time 
effectively. The high-achieving students planned activities, monitored and reflected on their 
learning, and readjusted plans to improve their progress in learning. 
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10.8.3.4 Regulating context. 
Regulating context refers to students’ attempts to monitor, control, and regulate the context (i.e., 
control or regulate study environment to avoid distractions). In developing students as scientific 
learners, the teachers in the present study encouraged students to learn together. All the teachers 
reported that they used group work (i.e., group experiments) in creating learning environments for 
the students to work together. Mr. Hiru, Mrs. Hima, and Mr. Kuma reported that they used group 
discussions, while Mr. Hiru encouraged students to use mini study groups to discuss difficult 
science topics and past exam papers. Mrs. Hima stated that she used group problem-solving tasks. 
In relation to the model, the use of group work could provide opportunities for the students to 
Regulate the Context (Part D).  
The teachers said that they used practices to promote students’ independent learning. These were 
related to offering students the opportunities to select learning tasks and learning materials to 
complete group projects and assignments (Mrs. Malee), conduct science experiments (Mr. Hiru and 
Mrs. Malee), and perform role-plays (Mr. Hiru). Perhaps these practices may help students to 
develop their independent learning in relation to Regulating Context (Part D). The teachers also 
identified and supported male and female students by forming mixed groups (Mr. Hiru) and this 
may help students to develop their science interests and achievement in relation to Regulating 
Context (Part D of the model). 
The teachers reported a variety of contextual factors that may influence science teaching and 
learning such as the paucity of resources, the lack of space, poor lighting (Mr. Hiru and Mrs. Malee) 
and air ventilation, and the distractions from adjoining classrooms (Mrs. Malee). In terms of the 
model, the teachers may find it difficult to Regulate Contexts (Part D), (particularly arranging the 
learning environment) to facilitate students’ science learning due to these barriers. In addition, Mr. 
Kuma and Mrs. Malee’s views about the influence of private tuition could be related to the 
Regulating Context (Part D). Social collaborative forms of learning such as seeking help from 
tuition teachers enables students to develop their SRL (Karabenick & Dembo, 2011; Zimmerman, 
2004). Zimmerman (2004) stated that private tuition teachers can help students to overcome 
misconceptions about learning and construct self-regulated plans that are likely to succeed. In this 
way, private tuition may help students to Regulate their Context.  
10.9  Conclusion 
In interpreting the results of Phase 2 of the present study, an attempt has been made to identify 
teachers’ practices in terms of Pintrich and Zusho’s (2007) model, which was originally designed to 
understand the SRL of students in the college classroom. Most of the teachers’ reported practices 
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were based on components in Part B of the model (particularly Instructional Methods) and D 
(Regulating the Context). These teachers’ practices were thought to influence components of C 
(Motivational Processes) and components of D (Self-Regulatory Processes) and they, in turn, were 
thought to have influenced the achievement/outcomes (Components of E, Outcomes). However, not 
all of the findings from the cross-case analysis could be understood within the model. That is, the 
present study identified several elements that were not represented in the model. For example, 
several school-related (and not directly classroom-related) factors found in Phase 2 of the study to 
influence the teaching practices and that were identified as barriers to using particular teaching 
practices that may foster SRL could not be accommodated in the model. Such factors included the 
syllabus and curriculum, and the lack of resources. In addition, the teachers thought that out-of-
school factors also influenced the students’ learning and achievement in science. Factors such as the 
private tuition context could also not be accommodated in the model. Similarly, the out-of-school 
factors, labelled out-of-school social factors (e.g., the parents and private tutor) could not be 
accommodated in the model. Therefore, these components were added to Pintrich and Zusho’s 
(2007) model. Figure 10.2 represents an adapted model based on the findings of Phase 2 of the 
study. It is suggested that a new model that highlighting the relationship between teaching practices 
and SRL from a secondary school teachers’ perspective should be created. This may allow the role 
of these teachers in helping students develop SRL in the classroom to be described more clearly. 
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Figure 10.2. An adapted model based on the findings of Phase 2 of the study. 
In Chapter 11, a discussion of the overall findings of the present study is presented next.
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Chapter 11:   Discussion, Limitations, Implications, and Conclusion 
11.1 Introduction 
In the final chapter of this thesis, the research findings of the two phases of the study are presented 
in terms of the research questions. The limitations of the study, the implications for educational 
practice, and directions for future research are also discussed. The chapter ends with a concluding 
comment concerning the overall study findings. 
To summarise, Phase 1 of the present study investigated senior secondary school teachers’ 
understandings of the practices that were used to foster students’ science achievement. Focus Group 
Interviews were conducted with 12 senior secondary science teachers (Grade 10 and 11) from three 
of the second largest national schools in three educational zones in the Kalutara district of Sri 
Lanka. The data collected from Phase 1 were analysed using inductive thematic analysis. In Phase 
2, a case study design was used to investigate the practices used by four senior secondary school 
science teachers to foster their students’ science achievement and to understand which of these 
practices were related to SRL. The teachers taught either Grade 10 or Grade 11 in the three largest 
national schools in the district of Kalutara. Two classroom observations and one semi-structured 
interview were conducted with each of these teachers. The data collected from Phase 2 were 
analysed using inductive and deductive thematic analysis.  
The first research question in both Phases 1 and 2 was: “What practices do senior secondary school 
teachers use to foster students’ science achievement?” The second research question in Phase 1 was 
“What understandings do the teachers have about the Sri Lankan government’s policy related to 
student-centred learning, student autonomy, and teacher’s role as a facilitator?” The second research 
question in Phase 2 was “How do senior secondary school teachers use these practices in their 
science classrooms?” The third research question in Phase 2 was “Which of these classroom 
practices are related to SRL?” 
Although, the first research question in both phases was exactly the same, there were different aims 
for the two phases. The aim of Phase 1 was to gain an understanding of the teaching practices that 
the senior secondary school teachers used to foster their students’ science achievement. Phase 1 
involved 12 teachers’ views only. Phase 2 of the study was conducted in order to gain a better 
understanding of the practices the senior secondary school science teachers used to promote 
students’ science achievement and placed more emphasis on understanding which practices, if any, 
were related to SRL. However, due to the similarity of the reported practices, the findings are 
reported together here. 
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The next section of this chapter draws together the findings presented in the results chapters: 
Chapters 4 (Phase 1) and Chapters 6 to 10 (Phase 2). It presents the major findings related to the 
research questions, and examines and discusses the findings related to science teaching and learning 
and self-regulated learning (SRL). 
11.2 Discussion of the Overall Findings 
The discussion of the overall findings in terms of both phases of the study will be presented in two 
sections: (1) practices that develop students’ science achievement and (2) practices related to SRL. 
11.2.1 Practices that develop students’ science achievement. 
The teachers’ practices that developed students’ science achievement were organised in relation to 
five key themes as follows: (1) practices to develop scientific learners; (2) practices to develop 
students’ science interests; (3) practices to help students achieve their goals; (4) practices to develop 
students’ independent learning; and (5) practices to identify and support students.  
In Phase 1, Question Two referred to the teachers’ understandings of the Sri Lankan government’s 
policy related to student-centred learning, student autonomy, and the teacher as a facilitator? The 
findings related to the teachers’ understandings of these terms are presented with respect to the 
fourth key theme “practices to develop students’ independent learning”. 
11.2.1.1 Practices to develop scientific learners. 
The first key theme explains how the teachers used practices to develop students as scientific 
learners. To develop scientific learners, the teachers in both phases said that they used a range of 
practices. The practices were categorised into three types: (i) practices to build knowledge; (ii) 
practices to help students learn together; and (iii) practices that assist students to retrieve 
knowledge. 
Practices to build knowledge.  
The teachers reported a range of practices that they used to foster their students’ science 
achievement. These practices were used in various conditions. The teachers referred to six practices 
that they used to build students’ knowledge: These were: (i) demonstration; (ii) questioning; (iii) 
modelling; (iv) scaffolding; (v) brainstorming; and (vi) visual representations and the use of AV 
materials.  
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Demonstration.  
Teachers in both phases of the study referred to demonstration. The teachers in Phase 1 referred to 
both teacher demonstration and student demonstration. In Phase 1, the majority of the teachers (11 
out of 12 the teachers) said that they used teacher demonstration when performing science 
experiments. Four out of the 12 teachers described how the use of student demonstration develops 
students’ SCL in science. 
In Phase 2, the teachers, with the exception of Mrs. Malee, referred to demonstration. Mrs. Hima 
said that she used demonstration to illustrate science concepts and theories in order to build 
students’ knowledge. Mrs. Hima asked for students’ help when she performed demonstrations. Mr. 
Hiru and Mrs. Hima said that they used teacher demonstration due to the limited resources (e.g., 
equipment) in the science laboratory and the limited time to complete the syllabus. A study 
conducted by Baddock and Bucat (2008) suggested that demonstrations can be improved when 
student knowledge purpose and the quantity and quality of interactions are taken into account. 
Baddock and Bucat (2008) conducted an action research study with 66 Australian Grade 11 students 
in a chemistry lesson. The purpose of the demonstration was to develop an understanding of how 
some acids are dissolved in water. Students were shown the colour of methyl violet indicator in 
some hydrochloric acid solutions, and then in an acetic acid solution. The findings showed that the 
students exhibited a better understanding of the demonstration when the teacher made some 
modifications to the demonstration. These modifications involved: considering the students’ prior 
knowledge (through modification of what was presented in classes leading up to the 
demonstration); the manner in which the purpose of the demonstration was expressed; the quantity 
and quality of what was said prior to, during, and immediately after the presentation; what was 
written on the board; the labelling of the solutions; and even the dramatic style of the presentation. 
This demonstration may be important in science learning but particular characteristics as suggested 
by Baddock and Bucat (2008) may be necessary to make demonstrating effective. 
Questioning.  
All the teachers in both phases reported that they used questioning to activate students’ prior 
knowledge and to develop their conceptual understandings in science. A teacher in Phase 1 said 
“Questioning helps teachers to assess students’ understandings and stimulate their thinking” (KNS 
1). Although the four teachers in Phase 2 used questioning as a practice, Mr. Hiru and Mrs. Hima 
were observed using the initiation-response-evaluation (IRE) pattern of questioning often. This 
pattern involved the students recalling mostly factual information only. The students’ contributions 
to the teacher’s questioning were limited and typically consisted of single or isolated words. These 
two teachers appeared to use authoritative discourse (Pimentel & McNeill, 2013). Several studies 
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have shown that teachers’ use of questioning enables students to develop conceptual understanding 
in order to construct scientific knowledge (e.g., Chin, 2006; Pimentel & McNeill, 2013). To 
investigate teacher and student questioning in whole-class discussions, Pimentel and McNeill 
(2013) investigated five US secondary science teachers’ approaches to discussion as well as 
teachers’ beliefs about science talk during the piloting of an urban ecology curriculum designed to 
support their students’ participation in science discourse. The researchers observed that in all of the 
class discussions, 87% - 100% of the students’ contributions were single words, phrases, or short 
sentences. Most of the students’ responses did not include reasoning or justification for their 
statements. The teachers tended to focus on the characteristics of a researchable question 
elaborating on the short responses themselves. The teachers in this study focused on the factual 
information associated with the lesson and placed the teacher as the main knowledge provider and 
evaluator of the discussion. Similar to Pimentel and McNeill’s (2013) study, the teachers in the 
present study also used authoritative discourse in activating the students’ prior knowledge and 
developing their conceptual understandings in science. In developing students’ conceptual 
understandings, it is recommended to use metacognitive questioning strategies to help develop 
students’ cognitive and problem-solving skills (Gillies Nichols, Burgh, & Haynes, 2012). Such 
practices were seldom observed in the present study. 
Modelling.  
Modelling is different from demonstration in that the teacher provides the opportunities for the 
students to engage in the tasks and encourages them to think about the tasks rather than only 
demonstrate the steps. This helps students to develop their independence (U.K. Department for 
Education and Skills, 2004). The teachers in Phase 1 did not specifically mention the use of 
modelling as a practice, but in Phase 2, Mr. Hiru and Mrs. Malee used modelling in developing 
students’ knowledge and understanding. For example, Mrs. Malee used modelling to demonstrate 
how she manipulated the flames of a Bunsen burner in the lesson that was observed. 
Scaffolding.  
In Phase 1, the teachers did not refer to the use of scaffolding in their science classrooms. However, 
Mrs. Malee was observed using scaffolding when the students performed their experiment 
(comparison of the different properties of the flame of a Bunsen burner with a candle). She also 
asked metacognitive questions (e.g., “What would occur if you open the air hole fully?”, “What 
could you do to find the hottest flame?”), while the students conducted the experiment. These 
metacognitive questions promoted scientific thinking and inquiry which helped the students develop 
their SRL in science (Zohar & Barzilai, 2013).  
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Brainstorming. 
Brainstorming as a practice was not reported by teachers in Phase 1 but was reported by Mr. Hiru in 
Phase 2. He believed that brainstorming helped students to “develop their thinking and share their 
ideas and expand their knowledge by building on each other's contributions” (482). Brainstorming 
is a teaching practice that has been found to enhance US high school students' science learning 
(e.g., Fang, 2013) and therefore Mr Hiru's beliefs about its usefulness may be warranted.  
Visual representations and the use of AV materials.  
The teachers spoke about a variety of visual representations such as models, concept maps, use of 
graphs, and visualizing and illustrating science concepts. The teachers in both phases reported that 
they used models to develop students’ knowledge and understanding of abstract and complex 
science concepts. In Phase 2, all the teachers said that they used models, while Mrs. Hima asked 
students to create their own models including models of the heart and the blood circulation systems. 
A recent study conducted by Mulder, Lazonder, and de Jong (2015) found the use of models was 
effective in high school students’ science learning. The researchers assessed the affordances of three 
identified key characteristics of representations on Dutch high school students’ science performance 
and learning. The students first read an instructional text about glucose-insulin regulation and then 
created a representation of its content. The researchers compared four external representational 
formats that increasingly incorporated these characteristics: a summary, a concept map, a model, 
and an outlined model. At the end of the study, Mulder et al. (2015) found that creating a model 
enhanced students’ learning more than creating a concept map, and students who completed an 
outlined model learned more than those who created a model from scratch. The teachers in the 
present study also encouraged their students to create their own models to develop their conceptual 
understandings about abstract concepts. 
The teachers in both phases reported that they used concept maps as a tool to activate students’ 
prior knowledge and monitor their learning. Four out of the 12 teachers in Phase 1 mentioned that 
they used concept maps to structure and organize the students’ ideas and concepts and help the 
students to explore the relationships between their ideas and concepts. One teacher in Phase 1 
mentioned that she used a concept map as an assessment tool as part of monthly testing. With 
respect to Phase 2, Mr. Hiru used concept maps to develop students’ conceptual understanding in 
science, while Mrs. Hima used them as a tool to monitor students’ learning at the end of the lesson. 
In Phase 2, Mrs. Malee was observed to use “distance-time graphs” to develop skills related to 
drawing and interpretation of graphs in physics. She asked the students to read and understand the 
data given on the task card before drawing the graph. She also asked her students to make their own 
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sketches of the concepts and label each part with the name and function in order to help visualize 
them. She encouraged the students to visualize a particular science concept prior to starting the 
lesson and to draw a diagram of their understanding.  
In addition to visual representations, in Phase 1, ten out of the 12 teachers referred to their use of 
audio-visual (AV) materials to develop students’ formation of concepts and to motivate their 
science interests. The teachers mentioned audio clips, video clips, photos, diagrams, and the Encarta 
Encyclopaedia. In Phase 2, Mrs. Hima used a diagram of the male reproductive system to teach 
biology. Mr. Hiru reported that he used various modes of delivery such as PowerPoint presentations 
with animations, CDs, and video clips to develop the students’ conceptual understandings in 
science. The results of the present study indicate that the teachers used multiple practices to develop 
students’ conceptual understanding in science and they employed such practices across various 
contexts.  
11.2.1.2 Practices to help students learn together.  
The teachers in both phases reported that they used group work to develop students’ knowledge and 
skills in science. The group work was undertaken in five ways: (i) group experiments; (ii) group 
discussions; (iii) group problem-solving tasks; (iv) mini study groups; and (v) writing groups.  
Group experiments.  
Group experiments were used as a practice to develop students’ science learning in both phases. In 
Phase 1, all the teachers believed that science theories and concepts could be taught via 
experiments. In addition, eight out of the 12 teachers pointed out that they used experiments to 
improve their students’ scientific thinking and skills such as observation skills and prediction skills. 
All four teachers in Phase 2 said that they used group experiments. Mr. Hiru thought that group 
experiments helped students to develop their knowledge, independent learning, and social skills. 
Mrs. Hima believed that the students developed understandings about theoretical ideas through 
science experiments. Mr. Kuma and Mrs. Malee believed that experiments helped the students to 
develop their scientific thinking and skills (e.g., collecting data, analysing results). While most of 
the teachers in both phases used science experiments, they said that their science laboratories were 
less than ideal due to the lack of space and equipment.  
Group discussions. 
The teachers referred to group discussion in both phases. In Phase 1, ten out of the 12 teachers 
asked students to research science topics or theories and then provided them with opportunities to 
share their newly found information with their peers. In Phase 2, all the teachers reported that they 
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used group discussions. Mr. Hiru and Mr. Kuma mentioned that they asked students to share their 
prior knowledge and ideas with group members. Mr. Kuma believed that group discussions 
improved the students’ communication skills, time management, and social skills. In addition, Mrs. 
Malee believed that group discussion fostered the students’ science interests. She tried to make 
science interesting by encouraging students to interact with their peers and to share their acquired 
knowledge. The teachers in both phases used group discussions as opportunities to develop 
students’ scientific thinking skills and to create learning environments that supported the students 
working together.  
Group problem-solving tasks. 
Group problem-solving was a practice that the teachers in both phases used to develop students as 
scientific learners. In Phase 1, the teachers believed that problem-solving tasks promote students’ 
thinking skills, autonomy, and student-centred learning. For example, two out of the 12 teachers 
believed problem-solving fostered students’ higher order cognitive skills such as comparing, 
contrasting, and analyzing problems, while two out of the 12 teachers stated problem-solving 
promoted students’ self-confidence, teamwork, and communication skills. In Phase 2, only Mrs. 
Hima reported that she used group problem-solving tasks. Sometimes Mrs. Hima encouraged 
students to solve problems in classroom lessons; at other times she gave them problems to solve 
outside the classroom. She encouraged students to think of different ways to solve a problem in 
their groups to share information and ideas.  
Mini study groups.  
Only Mr. Hiru in Phase 2 said that he used mini study groups. In these mini groups, students 
discussed the difficult science topics and questions from past exam papers. Mr. Hiru believed that 
mini study groups helped students develop good study skills.  
Writing groups. 
The teachers in Phase 1 mentioned that they tried to develop students’ writing skills by asking the 
students to complete structured written lab reports. In developing students’ writing skills, the 
teachers referred to forming writing groups. Five out of the 12 teachers reported that they formed 
writing groups to facilitate students’ understandings of science concepts and asked them to share 
their writing with other groups. The groups tried to improve their writing skills by completing lab 
reports and writing their own notes about difficult concepts described in textbooks. Previous 
research has highlighted the importance of writing for learning in science because it: promotes 
student engagement with, and understanding of, science theories, concepts, and practices; extends 
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students’ science literacy about issues in science; and utilizes language as a resource for 
interpretation and clarification of science concepts, processes, and explanations (Prain, 2006). 
Writing activities in science are known to help students to construct knowledge and generate their 
explanations (Jang, 2007). Although developing students’ writing skills in science has broad aims, 
the teachers in the current study helped the students to develop their writing skills to achieve high 
grades in their examinations. 
The number of practices related to group work revealed that the teachers in the present study were 
attempting to use educational reform-based practices in their science teaching. They tried to be a 
facilitator when students conducted science experiments and used group discussion by asking 
questions, and monitoring their progress. The teachers also valued group work because they 
believed it had numerous benefits for students such as developing teamwork and communication. 
These benefits have also been found in studies of students involved in groups. For example, 
research has found that secondary school science students valued the social interactions that 
resulted when they were engaged in group work (MacQuarrie, Howe, & Boyle, 2012). MacQuarrie 
et al.’s (2012) study with 23 science and English secondary classrooms in Scotland found that 
students who completed tasks within groups engaged with their peers and produced more 
productive dialogues than pupils taught in conventional classes. Another benefit of group work 
appears to be student achievement. Topping, Thurston, Tolmie, Christie, Murray, and 
Karagiannidoud (2011) found that Scottish primary school students who had experienced 
cooperative learning in primary school had higher pre-test scores in their secondary school. In the 
present study, group work was also found to promote students’ social and communication skills. 
11.2.1.3 Practices that assist students to retrieve knowledge.  
Only the teachers in Phase 2 reported using practices to assist students to retrieve knowledge 
through memory techniques and organisation of study materials. In Phase 2, Mr. Hiru, Mrs. Hima, 
and Mrs. Malee mentioned that they asked students to use memory techniques such as mnemonics 
and highlighting text materials to remember science concepts, theories, and laws. The teachers in 
both phases referred to keeping a science glossary. For example, in Phase 2, Mrs. Hima and Mrs. 
Malee encouraged students to create and maintain a glossary to record science terms to improve 
their science vocabulary. Mrs. Malee encouraged the use of rote-learning to remember the key laws 
and principles of science that had to be learned.  
In addition, Mr. Hiru encouraged students to organise their study materials in a way that fostered 
their learning. He asked students to label books, use files in different colours for different subjects, 
and use small containers to store school materials. Mr. Hiru encouraged students to place sticky 
notes on important science diagrams, and place formulae definitions of theories and laws in spaces 
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at home so they could be seen and remembered regularly. He also encouraged students to avoid 
distractions such as TV while studying.  
A closer examination of the observed classroom practices of the teachers suggests that two of the 
teachers (Mrs. Malee and Mr. Hiru) employed inquiry-based teaching practices in their science 
lessons. However, although some of their reported practices such as experiments, small group 
discussions, and hands-on learning activities promoted inquiry-based, constructivist learning, there 
were few opportunities for the students to engage developing with inquiry. There were also limited 
opportunities for the students to design and engage in scientific investigations that foster students’ 
scientific thinking, a practice identified by Kloser (2014) as beneficial for secondary school 
students. Despite the number of barriers that the teachers reported, most of the teachers in the 
current study tried to connect the science concepts to everyday applications and linked science 
concepts to phenomena. 
11.2.2 Practices to develop students’ interests. 
The second key theme concerning practices that teachers used to develop students’ science 
achievement concerned the development of students’ science interests. Two practices to develop 
students’ science interests were: (i) hands-on learning activities and (ii) out-of-school learning 
experiences. 
11.2.2.1 Hands-on learning activities.  
In Phase 1, the teachers reported using hands-on activities such as creating models and performing 
practical experiments to stimulate students’ science interests. With respect to Phase 2, both Mrs. 
Hima and Mrs. Malee provided hands-on learning activities. Mrs. Hima believed that hands-on 
experiences with plants, animals, and scientific equipment developed her students’ science interests. 
Mrs. Malee believed that hands-on activities such as experiments also fostered the students’ science 
interests and enhanced their active involvement in their learning tasks. Although Mr. Hiru valued 
the use of hands-on learning in science, he spoke about obstacles that he faced in creating hands-on 
learning activities such as experiments. He emphasised the importance of hands-on learning and 
described the necessity of creating learning opportunities for the students to learn science “by doing 
rather than by reading”, but often said he could not provide these opportunities in the classroom. 
Several studies (e.g., Bryan et al., 2011; Dohn, 2013; Holstermann, Grube, & Bögeholz, 2010) have 
also highlighted the use of hands-on activities to promote high school students’ science interests. 
For example, Bryan et al.’s (2011) study of US high school students showed they were motivated to 
learn science when they performed hands-on activities (e.g., experiments in the lab, fieldtrips). 
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Similar findings were reported in Dohn’s (2013) study which revealed that upper secondary Danish 
students developed their science interests when they were offered hands-on experiences with 
authentic materials (e.g., touching fur, bones, or skulls in zoos and museums) and handling 
laboratory equipment during laboratory experiments. Holstermann et al. (2010) found that Grade 11 
students in Germany used hands-on activities and the amount of hands-on activities used was 
positively correlated with students’ interests in biology. That is, the students who performed 
experiments on the detection of photosynthesis products and on osmotic reactions indicated more 
interest in these activities compared with the students who did not have the experiences. Similarly, 
Areepattamannil et al. (2011) found that using hands-on activities in science lessons had a positive 
effect on Canadian secondary school students’ science achievement. The students in that study 
reported that when the teacher employed hands-on activities (e.g., allowing students to perform 
experiments), their achievement was higher than their peers who reported that their teachers did not 
employ hands-on activities. Overall, the findings related to hands-on activities supported the view 
that their use was important in developing secondary school students’ science interests and 
achievement.  
11.2.2.2 Out-of-school learning experiences. 
All the teachers in both phases reported that they provided out-of school learning experiences to 
develop students’ science interests. In Phase 1, teachers said that they organised fieldtrips to places 
such as hydropower stations, coal power stations, the National Zoo in Dehiwala, and the 
Planetarium in Colombo. Eleven out of the 12 teachers believed that fieldtrips helped students to 
apply knowledge that they had gained in the science lessons to their day-to-day lives. Nine out of 
the 12 teachers believed that the fieldwork provided opportunities to develop particular skills. Six 
out of the 12 teachers said that the students were very enthusiastic and very responsive, and 
interested in learning science when the teachers set up fieldwork experiences.  
In Phase 2, the four teachers reported that they took their students to participate in learning 
experiences outside the classroom such as science exhibitions, fairs, science competitions (e.g., 
Science Olympiad), and fieldtrips in order to develop students’ science interests. Mrs. Hima, Mr. 
Kuma, and Mrs. Malee valued fieldtrips. Mr. Hiru also encouraged students to build networks with 
experts in science organisations. The finding related to fieldtrips to promote students’ science 
interests is supported by several studies. In Fariaet al.’s (2012) study, 10th grade secondary school 
students developed their science interests when they participated in activities related to biology 
lessons at the Lisbon Museum in Portugal. The researchers found that fieldtrips were likely to have 
a positive effect in developing students’ science interests, their content knowledge, and social 
interactions.  
 187 
The present finding related to participating in extra-curricular activities (ECA) is in line with 
Shulruf’s (2010) meta-analysis which highlighted a positive relationship between participation in 
ECA and students’ academic achievement. ECA referred to a variety of activities over and above 
the core curricular teaching and learning such as sports, academic clubs, and performing arts. 
Teachers in both phases of the present study also provided a variety of ECA such as participating in 
science competitions and science associations to develop students’ science interests and 
achievement which in turn fostered their SRL. 
While the teachers in the current study realized the importance of developing the students’ interests 
in science through hands-on learning activities and fieldtrips, their focus seemed to be mostly on 
completing the syllabus. Many teachers said that they were only able to accompany students on a 
limited number of fieldtrips (either 1 or 2 annually) due to time constraints to complete the syllabus 
before the examinations. Mrs. Hima reported that there was a tension to complete the overloaded 
syllabus on time. These results are in line with a study of Israeli high school science and maths 
teachers conducted by Hagay, Baram-Tsabari, and Peleg (2013). These teachers experienced a 
degree of tension in completing the syllabus on time to prepare students for the national 
matriculation examination. While the teachers in Hagay et al.’s (2013) study thought ECA were 
important on topics that interested students, several problems such as large class sizes and the lack 
of resources hindered the teachers’ endeavours to provide student-centred ECA approaches 
designed to foster their students’ science interests. Teachers who participated in the present study 
also encouraged the students to engage in ECA but also admitted that there were some obstacles, 
such as time constraints, to complete the syllabus when they accompanied students to out-of-school 
sites. 
11.2.3 Practices to help students to achieve their goals. 
The teachers in the present study mentioned how they helped the students to achieve their goals, 
which was the third key theme. They referred to a variety of practices that they used to help 
students to achieve their goals: (i) learning goals; (ii) goals related to achievement in exams; and 
(iii) future career goals. 
11.2.3.1 Practices to help develop learning goals. 
With respect to Phase 2, Mr. Hiru, Mrs. Hima, and Mrs. Malee said that they helped students to 
achieve learning goals related to class lessons and units. They assisted students to set their learning 
goals and to monitor their learning. Mr. Hiru asked students to set “realistic goals” (170), which he 
described as ones that were achievable, and encouraged his students to set deadlines for meeting 
their learning goals. He also encouraged students to review their understandings of the concepts at 
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the end of each lesson or unit. Furthermore, at the end of the year Mr. Hiru asked his students to 
review their achievements. After students reviewed their own progress, Mr. Hiru encouraged them 
to identify their ongoing challenges (e.g., how to improve vocabulary in science or further develop 
mathematical skills) and helped them to improve their skills to overcome these challenges.  
In the observed lessons, Mr. Hiru and Mrs. Hima explicitly stated the goals of the lesson. For 
example, Mrs. Hima reported that she encouraged students to construct a concept map at the end of 
each science unit to determine whether they needed to develop their understandings further. At the 
beginning of the first term of Grade 10, Mrs. Malee helped her students to identify their goals in 
science learning by asking them to list their goals for learning science during that term.  
11.2.3.2 Helping students to achieve in exams. 
All the teachers in both phases reported that they helped students to develop goals to achieve high 
grades in examinations. They did this by helping students develop their test-taking strategies to 
achieve high grades in the GCE (O/L) examination. The teachers in both phases explained a variety 
of practices that they used to help students to prepare for the exam. The Grade 11 teachers in both 
phases prepared model question papers. The teachers said that they provided the students with 
feedback on the questions in the model papers. In Phase 2, Mrs. Hima asked students to discuss any 
difficult questions with their peers and provided feedback to the students who experienced problems 
or misunderstood the questions.  
The teachers in both phases discussed past examination papers and marking schemes with the 
students. Mrs. Malee provided past exam papers to assist with revision and examination 
preparation. In Phase 2, Mrs. Hima encouraged students to “look at all of the questions on a specific 
topic from the past five years of the O/L science exams and prepare answers accordingly” (227-
228). The teachers organised extra-seminars and after-school classes related to difficult science 
concepts and about test-taking strategies. Only the teachers in Phase 1 reported that they invited 
guest speakers during the third term (prior to the GCE (O/L) exam) to conduct seminars in relation 
to the important science topics such as force and motion which were topics included in the GCE 
(O/L) examination. 
The findings related to the test/exam-taking strategies taught by the teachers are consistent with 
previous research (Lai & Waltman, 2008; Nargund-Joshi et al., 2011). Lai and Waltman (2008) 
found US elementary, middle, and high school teachers in Iowa prepared their students for 
standardized tests by utilizing a variety of strategies. These included exam practice with previous 
years test questions, and using test-taking skills that aimed at maximizing student performance.  
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Considering all of these practices, it seems that the teachers in the present study employed a range 
of practices to help students to achieve their goals related to doing well in the examinations. 
However, it is possible that the teachers are encouraging students to use practices that are part of a 
“cramming” culture (Strickland & Strickland, 2013) and such a culture is a negative side-effect of 
teachers helping students to achieve in examinations.  
11.2.3.3 Helping students to develop future career goals. 
In Phase 2, Mr. Hiru, Mrs. Hima, and Mrs. Malee reported that they helped students to develop 
future career goals. Mr. Hiru said that he developed students’ awareness about future job 
opportunities in science-related fields. Mr. Hiru, Mrs. Hima, and Mrs. Malee also provided 
information to these students about the programmes and courses offered by institutes in order to 
develop career awareness in science-related fields. Mr. Hiru said that he encouraged students to 
participate in career exhibitions such as the EDEX Expo. He believed that participating in these 
exhibitions helped students to make choices, understand a variety of opportunities in universities, 
technical, vocational training colleges/institutions, and develop their employability skills in science-
related fields. Mr. Hiru and Mrs. Malee encouraged students to set career goals according to their 
interests. Mrs. Malee had a broader focus than the other teachers about identifying each student’s 
personal career goals and helping them to achieve their goals. After identifying individual student’s 
future career goals, she directed her students in different pathways so that they could meet their 
personal career goals.  
11.2.4 Practices to develop students’ independent learning. 
The fourth key theme describes how the teachers develop students’ independent learning. The 
teachers specifically mentioned the student’s ability to take responsibility and make choices for 
their learning. The first part of this section presents findings related to Phase 1, Question Two 
which asked “What understandings do the teachers have about Sri Lankan government policy 
related to student-centred learning, student autonomy, and the teacher as a facilitator?”  
The study findings indicated that the teachers were able to explain some of the key principles that 
were associated with student-centred learning, student autonomy, and teacher as a facilitator. For 
example, in Phase 1, all the teachers mentioned that the teacher encouraged student active 
involvement in the form of group work to promote learning and to develop social interactions in 
SCL learning environments. In the case of the teachers’ understandings of the term student 
autonomy, they perceived it as directing students towards independent learning by providing and 
creating learning opportunities for the students to learn by themselves. Ten out of 11 teachers 
perceived that in an independent learning environment, the teacher gradually transferred 
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responsibility for learning from the teacher to the student, and then the student takes responsibility 
for their own learning. 
With regard to the teachers’ understanding about the role of the teacher as a facilitator, nine out of 
12 teachers thought a facilitator was a guide who created a learning environment that helped 
students to learn by themselves. In this environment, the teacher provides learning materials and 
resources to meet students’ needs. In addition, ten out of the 12 teachers believed the teacher as a 
facilitator encouraged student discussion and provided feedback on their learning. The teachers’ 
understandings about the teacher as a facilitator in students’ learning are consistent with previous 
studies. These studies indicate that the teacher as a facilitator encourages students to construct their 
own knowledge and understandings (Overman et al., 2014), facilitates small group work (Peters, 
2010) by creating a collaborative learning environment (Lam et al., 2009), and fosters students’ 
SRL (Beausaert et al., 2013).  
Although the teachers in the current study were able to explain the concepts related to SCL, student 
autonomy, and the role of the teacher as a facilitator, the findings indicated that they had 
encountered a number of barriers to their teaching and learning (e.g., the overloaded syllabus, the 
lack of resources, space) when implementing these curriculum changes. It is possible to speculate 
that the teachers’ understandings of the concepts related to the reforms are less likely to occur in 
their classrooms. 
The present study provides additional evidence with respect to the teachers’ use of the 5E 
(Engagemen, Exploration, Explanation, Elaboration, and Evaluation) instructional model which is 
used to promote SCL and was suggested by the NIE as part of the education reforms in 2007. 
Although the teachers reported their understanding of these concepts, they reported several barriers 
to implementing the reforms of student-centred learning and the use of the 5E instructional 
approach. The education reforms in 2007 emphasise the 5E instructional approach. Surprisingly, the 
use of the 5E approach was not observed in any of the teachers’ classrooms. In Phase 2, Mrs. Hima 
tried to be a facilitator within her classroom, she still appeared to use practices related to a 
transmission role (e.g., dictating notes) rather than adopting a transformational role. 
The teachers in both phases reported that they did not use the 5E instructional model (e.g., group 
work), due to a range of barriers (e.g., overloaded syllabus, large number of students, limited time, 
lack of equipment and space in their classes, and emphasis on the GCE [O/L] exam). Similar 
barriers have been reported in science teaching in Sri Lankan (Aturupane et al., 2011), Indian 
(Nargund-Joshi et al., 2011) and Bangladeshi (Sarkar & Corrigan, 2014) secondary school science 
classrooms. Due to these barriers, the use of the 5E model was not recommended as a compulsory 
instructional approach in secondary classrooms from 2015 by the NIE in Sri Lanka (NIE, 2015). It 
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seems that moving government schools in Sri Lanka towards student-centred learning is sometimes 
a challenge due to these barriers.  
The next section presents the teaching practices associated with independent learning with respect 
to both phases. 
The teachers reported practices that they developed to foster their students’ independent learning in 
science. In Phase 1, five out of the 12 teachers believed that small group discussions would improve 
students’ independence because they provide opportunities for the students to express their ideas 
and opinions freely (without teacher-controlled). Four out of the 12 teachers said that when students 
worked in groups and the group was given freedom to select a topic and learning resources based on 
their interests they were more motivated to learn.  
In Phase 1, the teachers believed that group experiments would foster student autonomy because 
students would take responsibility in performing experiments. In Phase 2, Mr. Hiru, Mrs. Hima, and 
Mrs. Malee reported practices that they used to foster their students’ independent learning in 
science. Mr. Hiru and Mrs. Malee allowed students to choose group members with whom they 
could complete their experiments and Mrs. Malee asked her students to change the steps in the 
experiments because she believed that students developed a sense of responsibility and control over 
the tasks when they did so. 
In Phase 1, four out of the 12 teachers stated that problem-solving activities should be used to 
develop students’ autonomy as they gave students greater responsibility for their own progress and 
enhanced their critical thinking. Two out of the 12 teachers believed problem-solving promoted 
students’ decision-making. The teachers in both phases also reported that group assignments and 
group projects helped the students to develop student autonomy. For example, in Phase 2, Mrs. 
Malee mentioned that she asked students to complete assignments and projects to develop their 
independent learning by allowing them to choose topics and activities with which they were 
familiar. 
In performing role-play, students reflected on the event or processes in science and acted out certain 
roles such as being an atom, liquid, or gases during osmosis. In Phase 1, five out of the 12 teachers 
identified role-play as an effective strategy in SCL. They believed role play helped students to 
internalize scientific stories and helped them to look at a problem from different perspectives. In 
Phase 2, Mr. Hiru said that he used role-play to develop students’ independent learning. Mr. Hiru 
believed that students researched information themselves, shared their views, and analysed their 
own views when they performed role-plays in science. Mr. Hiru said “Students take responsibility 
in role-plays. They write scripts and assign roles to their fellow group members” (671-672). 
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In Phase 2, Mrs. Hima and Mrs. Malee encouraged the students to seek knowledge from different 
sources such as peers, experts, and the mass media (e.g., the Internet) to improve their knowledge 
and understanding of the science concepts rather than solely depending on the teacher’s instruction. 
These sources may help students to take control of their learning by directing and regulating actions 
(e.g., seeking help, browsing the Internet for academic information) and moving towards 
independent learning.  
11.2.5 Practices to identify and support students. 
The fifth key theme explains how the teachers identified and supported students with different 
needs. In both phases, the teachers identified and supported students with different needs, in 
particular learning and emotional needs.  
11.2.5.1 Practices to help students with different abilities.  
Teachers in both phases helped less able students to develop their science learning. The teachers 
reported three practices that they used to help these students. These were: conducting after-school 
classes; forming mixed-ability groups; and providing supplementary learning materials.  
In Phase 1, seven out of the 12 teachers said they conducted classes for students who were having 
difficulties with science to support them to develop their writing and mathematics skills. Similarly, 
in Phase 2, Mr. Hiru, Mrs. Hima, and Mrs. Malee also identified and helped students with different 
abilities. For example, Mr. Hiru and Mrs. Malee helped the less able students to learn by conducting 
after-school classes. Mr. Hiru helped less able students to develop their basic maths skills in order 
to do calculations in science as an additional support particularly for the students who were 
preparing for the exam.  
Mrs. Malee believed that less able students could also learn from more able students when they 
worked in groups. She encouraged more able students to share their knowledge with their peers. 
Mrs. Malee taught simple science concepts to the less able students by providing supplementary 
learning materials (e.g., handouts, CDs). In Phase 2, Mr. Hiru mentioned that he used teaching aids 
(i.e., molecular models, and models of the human body) when less able students had difficulty with 
learning in abstract science concepts. He explained the concepts, moving from simple to complex in 
his explanations. Mrs. Malee also gave past examination papers to the less able students and 
provided feedback to the students when they were completed.  
11.2.5.2 Practices to help male and female students in science.  
The teachers in both phases identified differences between male and female students in science in 
terms of their abilities and their preferences for biology and physics respectively. In Phase 1, eight 
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out of the 12 teachers referred to these differences. The teachers from one of the girls’ schools said 
that they attended particularly to male and female differences teaching science. In Phase 1, a teacher 
said that she paid more attention to girls when teaching electronics lessons and used everyday 
examples in a way that made sense to female students. Another teacher reported that boys provided 
shorter answers in biology than girls. She helped boys to develop their writing skills in biology by 
giving an outline and providing assessment criteria for past exam papers.  
In Phase 2, both Mr. Hiru and Mrs. Malee also identified differences in boys’ and girls’ scores in 
tests and their interests in relation to physics and biology. For example, they believed that boys 
were more likely to study physics and often had high scores in physics tests, while girls were more 
likely to study biology and achieved higher marks in this subject compared to boys. In helping these 
students, Mr. Hiru formed groups of girls and boys, and provided opportunities for girls and boys to 
share their learning because he believed that students learned better from one another when in 
mixed groups. Mrs. Malee said that she encouraged girls to take an active role in performing 
experiments in electronics lessons in the science laboratory. Mrs. Malee provided support for girls 
when they faced difficulties in applying physics principles that they learnt in the classroom. She 
also called on girls more frequently than boys to answer questions related to physics to ensure that 
girls understood the physics concepts well. 
11.2.5.3 Practices to help students with language difficulties. 
The teachers in both phases spoke about the English language difficulties of the students. The 
teachers in Phase 1 believed that the students’ lack of proficiency in English influenced their 
independent learning. In Phase 1, six out of the 12 teachers stated that most science materials were 
published in English and many of them were not translated from English to the Sinhala language so 
the students faced difficulties when they had to develop understandings of the scientific ideas in the 
materials. The teachers also said the students’ difficulties with English hindered their understanding 
of the supplementary print and electronic learning resources.  
With respect to Phase 1, a teacher (KNS 4) who taught science in the English-medium reported two 
practices that she used to help students with language difficulties. These were: (i) encouraging 
students to read English materials and watch TV programmes and (ii) encouraging group 
discussions. In Phase 1, the teacher (KNS 4) encouraged students to borrow supplementary reading 
materials in English and science journals in English from the school library. She also asked students 
to watch science programmes broadcast on TV such as the Discovery channel to improve their 
English vocabulary in science. In Phase 2, Mrs Hima encouraged students to refer to a variety of 
materials such as reading supplementary books, science journals, and browsing information via the 
Internet to improve their English vocabulary. 
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In Phase 1, a teacher (KNS 4) said that sometimes she gave a science topic to students to discuss in 
their groups to improve their English vocabulary and communication skills. She believed that a 
group discussion provides students with opportunities to listen to the ideas of others and frame their 
ideas before writing their own answers. The findings related to the teachers’ use of group 
discussions in promoting science among students, are consistent with previous research conducted 
by Ciechanowski (2014). The latter research explored the nature of science learning of 33 
Spanish/English emergent bilingual primary students and found that group discussions helped them 
to develop their scientific vocabulary in English and improve their conceptual understandings in 
science. 
In Phase 2, Mrs. Hima also referred to the language difficulties of her English-medium students. In 
order to address their language difficulties, she taught the difficult concepts bilingually. When Mrs. 
Hima was observed teaching abstract science concepts in biology, she used the Sinhala terminology 
first and then referred to the English terminology. Sometimes she used the blackboard and spelled 
these words in English. She dictated class notes in English while she was teaching science. 
11.2.5.4 Practices to help students from different socio-economic backgrounds.  
The teachers in both phases reported that they had students in their classes from a range of different 
socio-economic backgrounds. In Phase 1, ten out of the 12 teachers of the study said that they 
specifically considered economic and family backgrounds when teaching students. For example, in 
Phase 1, five out of the 12 teachers directed these students to apply for scholarship programmes that 
would support their education. Furthermore, seven out of the 12 teachers reported that they 
provided the students with study materials such as notebooks, pens, and additional reading materials 
required for their learning.  
In Phase 2, Mrs. Malee was specifically concerned about her students and she said some from 
different socio-economic backgrounds had emotional problems such as anxiety. She assisted them 
by showing them empathy and caring for these students. In addition, she shared her personal life 
experiences with her students to develop their self-esteem. The findings related to helping students 
with different abilities, interests, and socio-economic backgrounds suggest that the teachers were 
aware and concerned about their students’ differences, and also they demonstrated caring for their 
students. The finding related to teacher’s caring are in line with Williams, Cross, Hong, Aultman, 
Osbon, and Schutz’s (2008) study. The researchers explored eight US elementary, middle, and high 
school teachers’ beliefs and their roles in addressing students’ emotions and how they built 
relationships to establish nurturing and sensitive classroom environments. The researchers found 
that those participants who believed that teachers should take responsibility for addressing student 
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emotions created a more positive classroom environment. It was found that caring and showing a 
genuine interest in each student was considered a top priority for the majority of the teachers. 
The next section discusses the findings related to Question Three in Phase 2 of the study which 
sought to determine “Which of these classroom practices are related to SRL?”  
11.3 Practices Related to SRL 
The researcher was able to identify the teachers’ practices related to SRL through the reported 
practices (i.e., semi-structured interview) and their ‘real’ practices (i.e., during the classroom 
observations). It was observed that the teachers tend to transmit their roles from transmission to 
facilitator by encouraging students to: set goals for their learning; develop their conceptual 
understandings in science; foster motivation to learn science; and develop independence in learning. 
The teachers’ use of a variety of practices may help students to develop their cognition, 
metacognition, motivation, and independence in ways that optimise their SRL in science learning. It 
was also observed that there was a rich tradition of teachers to employ group work as a practice to 
develop students’ knowledge in science and skills such as communication and social skills. In Phase 
2, it was noted that four of the six key themes were related to or associated with SRL namely: (1) 
SRL practices to develop cognition; (2) SRL practices to develop motivation; (3) SRL practices to 
improve goal setting; and (4) SRL practices to develop autonomy/independence. 
11.3.1 SRL practices to develop cognition. 
The findings of the study showed that the teachers used four practices to foster students’ cognition, 
which is a component associated with SRL. These practices were: (i) modelling; (ii) scaffolding; 
(iii) group work; and (iv) use of memory techniques. 
During the classroom observations, Mr. Hiru and Mrs. Malee used modelling to teach science 
concepts. Mr. Hiru used modelling to teach the students the concept of air pressure. Mrs. Malee 
used scaffolding to teach science concepts (i.e., the functions and safe use of a Bunsen burner). 
Modelling and scaffolding have frequently been viewed as practices that foster SRL (Askell-
Williams, Lawson, & Skrzypiec, 2012; Perry et al., 2008; Schunk & Zimmerman, 2007; Vrieling, 
Bastiaens, & Stijnen, 2012). In Askell-Williams et al.’s (2012) study, the researchers investigated 
the impact of Australian teachers’ use of an intervention designed to scaffold early adolescent (Year 
9 and 11) students’ development of expertise in cognitive and metacognitive strategies for learning. 
The instructional intervention consisted of employment of the learning protocols by two teachers 
during regular class lessons. The researchers and/or teachers elaborated the learning protocols with 
explicit verbal instructions.  
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The learning protocols consisted of four components: Select (identifying key ideas); Relate 
(strategy instruction); Organise (strategy instruction); and Check (monitoring understanding). The 
intervention was carried out in 37 science lessons. At the end of the intervention the teachers 
reported that the learning protocols helped students to develop their cognitive and metacognitive 
strategies for learning such as rehearsing, grouping, revising, and reflecting on their notes and new 
information. 
In the current study, the teachers also spoke about the use of group work in their science 
classrooms. In the observed lessons, Mr. Kuma used group discussion, while Mrs. Malee used 
group experiments. Several researchers (e.g., Grau & Whitebread, 2012; Lau, 2011) also have 
identified group work as a practice that has the potential to enhance social collaboration with peers 
and foster SRL. Group work enables students to learn from peer models which facilitate students’ 
SRL (Schunk & Zimmerman, 2007). With the support of peer models, students benefit from one 
another through collaborating, sharing ideas, brainstorming, and problem-solving (Lau, 2011).  
Mr. Hiru, Mrs. Hima, and Mrs. Malee said that they asked students to use memory techniques such 
as mnemonics and highlighting text materials to retrieve their knowledge and to develop scientific 
learners. Mr. Hiru encouraged students to take notes in notebooks, highlight text materials, and 
write summaries in the margins of the notebook. Mrs. Malee asked students to read carefully and 
memorize the key laws, theories, and principles of science. These practices help students to store 
ideas and knowledge in an organised way for later retrieval. The value of having organizational and 
retrieval strategies to draw upon is affirmed by Askell-Williams et al.’s (2012) study. In their study, 
Australian secondary students were given explicit instruction in strategies to organise subject matter 
knowledge, such as highlighting and/or noting text features (e.g., headings), drawing diagrams, and 
concept maps. The teachers in the present study also provided explicit instruction to students to 
develop their rehearsal (i.e., memorizing key words/theories), elaboration (i.e., summarising), and 
organisational strategies (i.e., highlighting texts) which are associated with SRL (Zimmerman, 
2008). 
11.3.2 SRL practices to set and monitor goals. 
The teachers reported that they helped students to set and monitor their goals. For example, Mr. 
Hiru encouraged students to set realistic learning goals and set deadlines for meeting their goals. He 
also encouraged students to review their progress at the end of the year and identify their ongoing 
challenges. Setting and monitoring one’s own learning has been identified as SRL (Pintrich & 
Zusho, 2007; Zimmerman, 2011). Mrs. Malee stated that she used concept maps as a monitoring 
tool to assess students’ learning goals. Mrs. Hima reported that she encouraged students to construct 
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a concept map at the end of each science unit to determine whether they needed to develop their 
understandings further. She also used these concept maps to monitor students’ learning. The results 
further support the idea of the use of concept maps in helping students to refine, monitor, and 
regulate their cognitive processes in relation to the learning that they gained at the end of the lesson 
(Bramwell-Lalor & Rainford, 2014; Sellmann, Liefländer, & Bogner, 2015). The German high 
school students who participated in Sellmann et al.’s (2015) study stated that the use of concept 
maps had a positive impact on their ideas about climate change in biology. In this study, concept 
mapping was assessed as an instructional strategy to monitor their conceptual change in science 
learning. 
11.3.3 SRL practices to develop motivation. 
The teachers referred to two practices that they used to develop students’ motivation in science. 
These were: (i) providing out-of-school learning experiences; and (ii) giving hands-on learning 
activities. All the teachers reported that they provided out-of school learning experiences (i.e., 
science exhibitions, fairs, science competitions, and fieldtrips) to develop their students’ science 
interests. In addition, Mr. Hiru and Mr. Kuma encouraged their students to participate in learning 
outside the classroom such as science exhibitions, science fairs, and competitions. Mr. Hiru 
particularly mentioned the Science Olympiad competition and Sri Lanka Science and Engineering 
Fair. These findings related to science fairs are consistent with Dionne et al.’s (2012) study. These 
authors found that participating in the Canada-wide Science Fair developed high school students’ 
interests in science and developed a sense of self-efficacy in solving difficult problems and handling 
complex scientific topics. 
The teachers reported that they used hands-on learning activities to develop students’ motivation to 
learn science. Both Mrs. Hima and Mrs. Malee provided hands-on learning activities to develop 
students’ science interests/motivation. The use of such hands-on activities to promote high school 
students’ science interests has also been found in several other studies (e.g., Areepattamannil et al., 
2011; Bryan et al., 2011). By providing opportunities to engage in hands-on learning activities, the 
teachers may develop students’ motivation, which was one of the key components of SRL.  
11.3.4 SRL practices to develop autonomy. 
Mr. Hiru, Mrs. Hima, and Mrs. Malee reported that they encouraged students to develop their 
autonomy in science. Mrs. Malee encouraged the students to search different sources such as the 
Internet to complete independent assignments and projects. Mrs. Malee said that she offered choice 
in selecting learning tasks and asked students to change the steps in the experiments to give 
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responsibility and control in performing the tasks. Mr. Hiru and Mrs. Malee allowed students to 
choose group members with whom they could complete their learning tasks such as to perform 
science experiments. Mr. Hiru said that he gave students responsibility in role-plays such as asking 
them to write scripts and assigning roles to develop students’ independent learning. 
Several researchers have suggested that when the students are offered choice in their learning (e.g., 
selecting tasks, learning materials, and group members) they are more likely to develop SRL (Perry 
et al., 2007; Schuitema et al., 2012). The practices related to giving choice were in accordance with 
Perry et al. (2007) who found that when the teacher offered students choice in terms of what to 
work on, where, and with whom), there were more opportunities for students to develop or engage 
in SRL in these classrooms. In addition, SRL may be fostered when students feel a sense of 
freedom of choice about their own learning processes (Schuitema et al., 2012). In this way, the three 
teachers in the present study used practices associated with SRL by providing opportunities for the 
students to make choices when learning.  
Previous studies have also shown the close relationship that exists between learning tasks that 
develop students’ interests and SRL in science learning (Kingir et al., 2013; Schuitema et al., 2012). 
Kingir et al. (2013) explored the relationships among constructivist learning environments, 
motivational beliefs, self-regulation and science achievement. The researchers found that Turkish 
middle school students developed their science interests in tasks and used more SRL strategies 
when the classroom environment supported student autonomy. A study conducted by Schuitema et 
al. (2012) found that when the teacher gave Dutch secondary school students responsibility for their 
own learning, and recognised the students’ own perspectives by offering them choice, their 
independent and self-regulated learning was promoted. Perry et al.’s (2002) study also found that 
autonomy-supportive teaching practices, such as offering students choice in terms of what to work 
on, where, with whom, and allowing time for independent work enhanced the US primary school 
students’ independent learning and SRL. 
In Phase 2, Mrs. Hima and Mrs. Malee encouraged the students to seek knowledge from different 
sources such as peers, experts, and the mass media (e.g., the Internet). These sources may help 
students to take control of their learning and develop their SRL. Seeking knowledge from social 
sources such as peers and tutors may improve students’ learning strategies (Zimmerman, 2004). By 
seeking support from these sources students can overcome their misconceptions about their 
learning, and develop social interactions that help them to construct self-regulatory plans in order to 
succeed in learning (Zimmerman, 2004). It has been reported that the process of seeking knowledge 
helps students to regulate their own search behaviours (e.g., planning, monitoring) which assists 
them to develop their SRL and achieve academically (Chiu, Liang, & Tsai, 2013). Based on these 
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practices, teachers in the present study appeared to facilitate students’ independent learning, which 
in turn may lead to the development of SRL. In addition to these practices, Mr. Hiru specifically 
mentioned the importance of structuring learning environments in a way that facilitated learning. 
Mr. Hiru said that he encouraged students to organise their study area by eliminating distractions 
from the TV while they were studying. Studies have highlighted that monitoring of the study 
environment by avoiding distractions (e.g., turn off the radio, TV, and cellular phones) and 
organising a specific place for studying facilitates SRL (Pintrich & Zusho, 2007; Schunk & 
Zimmerman, 2007). 
In summary, the teachers were able to describe some of the characteristics related to SCL, student 
autonomy, and the role of the facilitator. The results of the current study also show that the 
secondary school teachers reported several practices that they used to foster their students’ science 
achievement. Some of these practices were related to SRL such as use of modelling, scaffolding, 
developing independent learning, and helping students to set goals. Although there were few 
practices that were associated with SRL, the teachers in the present study attempted to develop 
student-centred learning environments despite a number of barriers. 
11.4 Limitations of the Study  
There are several limitations to this study. First, the small sample size (12 teachers in Phase 1 and 4 
teachers in Phase 2) does not allow generalization to senior secondary school science teachers at 
large. Therefore, a larger sample size is needed to illustrate a more representative picture of senior 
secondary school science teachers’ practices in Sri Lanka. 
Second, the nature of this study was limited in terms of grade levels (i.e., Grades 10-11 only), and 
school types (i.e., national schools). Therefore, studies involving students from other grades and 
other types of schools would be useful. Third, in Phase 2, two science lessons were observed for 
each teacher. The limited number of observations would have affected the opportunities to observe 
changes (if there were any) in the science teacher’s teaching practices. The possible occurrence of a 
‘Hawthorne effect’ (McCambridge, Witton, & Elbourne, 2014) could also change the teaching 
practices. In this study, the teachers could have tried to change their practices because they were 
being observed by the researcher. More classroom observations in future studies will serve to obtain 
a more representative picture of the teachers’ practices. Fourth, in Phase 2, the classroom 
observations were conducted only in the third term of the school year. Biology was taught to Grade 
11 students by Mrs. Hima and Mr. Kuma during this term. Therefore, practices related to biology 
were observed in both classrooms. However, with respect to Grade 10, chemistry and physics 
lessons were observed in both Mr. Hiru’s and Mrs. Malee’s classrooms. More lessons in all the 
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science areas may have been influenced by the nature of the lessons. Physics and chemistry lessons 
may have provided opportunities to observe the teaching practices more extensively.  
11.5 Implications for Practice  
The findings of the present study have a number of important implications for senior secondary 
school science teachers’ practices in Sri Lanka. School principals, sectional heads, and in-service 
advisors in science need to encourage science teachers to attend teacher training programmes and/or 
workshops to develop their pedagogical knowledge and skills in science. In addition, school 
principals and science sectional heads can provide time for the teachers to meet and share best 
practice with other science teachers and encourage newly appointed teachers to observe exemplary 
science teachers’ practices to develop their practices in science. Such measures may help the 
teachers to implement a variety of new teaching practices to develop their students’ science 
achievement. Further, the school principals can ensure that there are improved facilities and 
equipment in classrooms and science laboratories, and adequate time for teachers to implement 
practices that foster students’ science achievement. In such learning environments, students would 
have more opportunities to develop their autonomy in learning as well as to learn science “by 
doing” rather than only listening to the teacher and copying notes. 
At the school level, establishment of a science resource centre would be helpful for the teachers to 
share their knowledge, skills, and resources with mentors or other science teachers. A centre could 
provide resources needed for the delivery of the senior science curriculum by including both 
teaching and learning materials (i.e., computers, CDs, multimedia projector, teaching aids) and 
provide on-going teacher training programmes from science at school level. Perhaps science 
resource professionals such as science lecturers in teacher training colleges (NCoE) or university 
lecturers can be invited to conduct workshops to improve science teaching practices. Taken 
together, it is assumed that the implementation of educational practices that promote SRL will help 
a country such as Sri Lanka improve the science learning and achievement and the SRL of its 
students and help achieve the country’s social and economic goals. 
11.6 Directions for Future Research  
The findings of this study have demonstrated how Sri Lankan senior secondary school teachers used 
practices to promote the science achievement of their students and which, if any, were related to 
SRL. Yet, there are unresolved issues that warrant further research. While the study provides 
insights into secondary school teachers’ understandings and practices that were used to foster 
students’ science achievement, the study does not explicate whether there is a relationship between 
the reported practices and the students’ achievement in science. A future study could investigate 
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this question. Future research could also investigate the effects of particular teaching practices 
related to SRL on promoting secondary school students’ science achievement (i.e., group work, 
experiments) and how these practices can be used to foster their science achievement in different 
learning environments (e.g., science classroom, science laboratory, and fieldwork), as well as 
different school types.  
While the study provides insights into secondary school teachers’ understandings and practices that 
were used to foster their students’ science achievement, it did not examine how other factors such 
as the teacher’s beliefs might influence teachers’ practices associated with SRL. Furthermore, 
further research could be undertaken to examine the effects of a teacher training programme that is 
developed to promote teachers’ knowledge, beliefs, and practices in fostering students’ SRL in 
science. 
11.7 Concluding Comments  
The findings of this study provided a picture of the practices used by senior secondary school 
teachers to develop students’ science achievement. The teachers in both phases of the study used a 
variety of practices to develop students’ science achievement such as questioning, demonstration, 
role-play, and problem-solving. The teachers also often reported the use of group work to foster 
student’s science achievement—especially group experiments and group discussion. These 
practices align with the Sri Lankan government’s policies of educational reform around student-
centred learning and student autonomy.  
An analysis of the practices used in Phase 2 revealed that some of the practices could be described 
as relating to SRL. However, even when the practices could be described as SRL-related practices, 
the teachers used them infrequently. The SRL-related practices were practices to develop cognition 
(e.g., modelling, scaffolding), practices to set and monitor goals (e.g., concept maps to monitor 
achievement of learning goals), practices to develop motivation (e.g., out-of-school learning 
experiences, hands-on learning activities), and practices to develop autonomy (e.g., giving 
independent research projects and assignments, providing choice when performing science 
experiments). 
In line with the aim of the Sri Lankan government to prepare students for a knowledge-based 
society, science teachers are working hard, despite a number of barriers and challenges, to use 
practices to foster students’ science achievement and to develop students with a range of skills such 
as problem-solving and independent learning. It is hoped in the future, through professional training 
and further support, that the teachers become facilitators of self-regulated learning and encourage 
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their students to become self-regulated learners who actively construct their own conceptual 
understandings in science and take control of their learning. 
 
 
 203 
References 
Abd-El-Khalick, F., BouJaoude, S., Duschl, R., Lederman, N. G., Mamlok‐ Naaman, R., Hofstein, 
A ., … Tuan, H. (2004). Inquiry in science education: International perspectives. Science 
Education, 88(3), 397-419.  
Adoniou, M. (2015). Teacher knowledge: A complex tapestry. Asia-Pacific Journal of Teacher 
Education, 43(2), 99-116.  
Aldridge, J. M., Fraser, B. J., & Huang, T. C. I. (1999). Investigating classroom environments in 
Taiwan and Australia with multiple research methods. Journal of Educational Research, 
93(1), 48-61.  
Alexander, P. A., Dinsmore, D. L., Parkinson, M. M., & Winters, F. I. (2011). Self-regulated 
learning in academic domains. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-
regulation of learning and performance (pp. 393-407). New York, NY: Routledge. 
Amos, R., & Reiss, M. (2012). The benefits of residential fieldwork for school science: Insights 
from a five-year initiative for inner-city students in the UK. International Journal of Science 
Education, 34(4), 485-511. 
Anuradha, R. K., & Tai, M. V. S. K. (2010). Effective use of audio-visual equipment and materials 
in classroom teaching. Proceedings at the Second International Conference on Education 
Technology and Computer, 2, 2463-2466.  
Archer, L., DeWitt, J., & Dillon, J. (2014). ‘It didn’t really change my opinion’: Exploring what 
works, what doesn’t and why in a school science, technology, engineering, and mathematics 
careers intervention. Research in Science & Technological Education, 32(1), 35-55.  
Areepattamannil, S., Freeman, J. G., & Klinger, D. A. (2011). Influence of motivation, self-beliefs, 
and instructional practices on science achievement of adolescents in Canada. Social 
Psychology of Education, 14(2), 233-259.  
Askell-Williams, H., Lawson, M. J., & Skrzypiec, G. (2012). Scaffolding cognitive and 
metacognitive strategy instruction in regular class lessons. Instructional Science, 40(2), 413-
443.  
Aturupane, H., Dissanayake, V., Jayawardene, R., Shojo, M., Sonnadara, U. (2011). South Asia 
human development sector: Strengthening science education in Sri Lanka (Report No 45). 
Washington, DC: The World Bank Human Development Unit, South Asia Region. 
 204 
Australian Curriculum Assessment and Reporting Authority (2015). Implications for teaching, 
assessment and reporting. Retrieved from http: // www. australiancurriculum. edu.au/ science/ 
implications-for-teaching-assessment-and-reporting 
Aydeniz, M., & Kirbulut, Z. D. (2014). Exploring challenges of assessing pre-service science 
teachers’ pedagogical content knowledge (PCK). Asia-Pacific Journal of Teacher Education, 
42(2), 147-166.  
Bächtold, M. (2013). What do students “construct” according to constructivism in science 
education? Research in Science Education, 43(6), 2477-2496.  
Baddock, M., & Bucat, R. (2008). Effectiveness of a classroom chemistry demonstration using the 
cognitive conflict strategy. International Journal of Science Education, 30(8), 1115-1128.  
Baviskar, S., Hartle, T., & Whitney, T. (2009). Essential criteria to characterize constructivist 
teaching: Derived from a review of the literature and applied to five constructivist-teaching 
method articles. International Journal of Science Education, 31(4), 541–550. 
Baxter, P., & Jack, S. (2008). Qualitative case study methodology: Study design and 
implementation for novice researchers. The Qualitative Report, 13(4), 544-559. 
Beausaert, S. A. J., Segers, M. S. R., & Wiltink, D. P. A. (2013). The influence of teachers' teaching 
approaches on students’ learning approaches: The student perspective. Educational Research, 
55(1), 1-15.  
Ben-Eliyahu, A., & Linnenbrink-Garcia, L. (2015). Integrating the regulation of affect, behavior, 
and cognition into self-regulated learning paradigms among secondary and post-secondary 
students. Metacognition and Learning, 10(1), 15-42.  
Bennett, J., Hogarth, S., Lubben, F., Campbell, B., & Robinson, A. (2010). Talking science: The 
research evidence on the use of small group discussions in science teaching. International 
Journal of Science Education, 32(1), 69-95.  
Berger, J.-L., & Karabenick, S. A. (2011). Motivation and students’ use of learning strategies: 
Evidence of unidirectional effects in mathematics classrooms. Learning and Instruction, 
21(3), 416-428.  
Boekaerts, M. (1997). Self-regulated learning: A new concept embraced by researchers, policy 
makers, educators, teachers, and students. Learning and Instruction, 7(2), 161-186. 
Boekaerts, M. (1999). Self-regulated learning: Where we are today. International Journal of 
Educational Research, 31(6), 445-457.  
 
 
 205 
Boekaerts, M. (2011). Emotions, emotion regulation, and self-regulation of learning.  
In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-regulation of learning and 
performance (pp. 408-425). New York, NY: Routledge. 
Boekaerts, M., & Cascallar, E. (2006). How far have we moved toward the integration of theory and 
practice in self-regulation? Educational Psychology Review, 18(3), 199-210.  
Bramwell-Lalor, S., & Rainford, M. (2014). The effects of using concept mapping for improving 
advanced level biology students’ lower-and higher-order cognitive skills. International 
Journal of Science Education, 36(5), 839-864.  
Bray, M. (2006). Private supplementary tutoring: Comparative perspectives on patterns and 
implications. Compare: A Journal of Comparative and International Education, 36(4), 515-
530.  
Bray, M., Zhan, S., Lykins, C., Wang, D., & Kwo, O. (2014). Differentiated demand for private 
supplementary tutoring: Patterns and implications in Hong Kong secondary education. 
Economics of Education Review, 38, 24-37.  
Bryan, R. R., Glynn, S. M., & Kittleson, J. M. (2011). Motivation, achievement, and advanced 
placement intent of high school students learning science. Science Education, 95(6), 1049-
1065.  
Butler, D. L. (2011). Investigating self-regulated learning using in-depth case studies. In B. J. 
Zimmerman & D. H. Schunk (Eds.), Handbook of self-regulation of learning and 
performance (pp. 346-360). New York, NY: Routledge. 
Butler, D. L., & Winne, P. H. (1995). Feedback and self-regulated learning: A theoretical synthesis. 
Review of Educational Research, 65(3), 245-281. 
Central Bank of Sri Lanka. (2010). Annual report: Sri Lanka. Retrieved from 
http://www.cbsl.gov.lk/htm/english/10_pub/p_1.html 
Chang, C.-Y., Hsiao, C.-H., & Chang, Y.-H. (2011). Science learning outcomes in alignment with 
learning environment preferences. Journal of Science Education and Technology, 20(2), 136-
145.  
Chin, C. (2006). Classroom interaction in science: Teacher questioning and feedback to students’ 
responses. International Journal of Science Education, 28(11), 1315-1346.  
Chioncel, N. E., Jarvis, P., Wildemeersch, D., & Veen, R. G. W. V. D. (2003). The validity and 
reliability of focus groups as a research method in adult education. International Journal of 
Lifelong Education, 22(5), 495-517. 
 206 
Chiu, Y. L., Liang, J. C., & Tsai, C. C. (2013). Internet-specific epistemic beliefs and self-regulated 
learning in online academic information searching. Metacognition and Learning, 8(3), 235-
260.  
Ciechanowski, K. M. (2014). Weaving together science and English: An interconnected model of 
language development for emergent bilinguals. Bilingual Research Journal, 37(3), 237-262.  
Çimer, A. (2012). What makes biology learning difficult and effective: Students’ views. 
Educational Research and Reviews, 7(3), 61-71.  
Cobern, W. W., Schuster, D., Adams, B., Applegate, B., Skjold, B., Undreiu, A., . . . Gobert, J. D. 
(2010). Experimental comparison of inquiry and direct instruction in science. Research in 
Science & Technological Education, 28(1), 81-96.  
Cohen, L., Manion, L., & Morrison, K. (2007). Research methods in education (6
th
 ed.). Abingdon, 
Oxon: Routledge.  
Creswell, J. W. (2012). Educational research planning, conducting and evaluating quantitative and 
qualitative research (4
th
 ed.). Boston, MA: Pearson Education. 
Csizér, K., & Dörnyei, Z. (2005). The internal structure of language learning motivation and its 
relationship with language choice and learning effort. The Modern Language Journal, 89(1), 19-
36. 
Daniel, E. G. S. (2013). Asia Pacific science education in a knowledge society. Asia Pacific Journal 
of Education, 33(2), 170-182.  
Davis, D. S., & Neitzel, C. (2011). A self-regulated learning perspective on middle grades 
classroom assessment. Journal of Educational Research, 104(3), 202-215. 
Department of Census and Statistics (2012). Population of Sri Lanka by districts. Retrieved from 
http://www.statistics.gov.lk/PopHouSat/CPH2011/Pages/sm/CPH%202011_R1.pdf 
DeWitt, J., & Storksdieck, M. (2008). A short review of school fieldtrips: Key findings from the 
past and implications for the future. Visitor Studies, 11(2), 181-197.  
DiDonato, N. C. (2013). Effective self- and co-regulation in collaborative learning groups: An 
analysis of how students regulate problem-solving of authentic interdisciplinary tasks. 
Instructional Science, 41(1), 25-47.  
Dignath-van Ewijk, C., & van der Werf, G. (2012). What teachers think about self-regulated 
learning: Investigating teacher beliefs and teacher behavior of enhancing students’ self-
regulation. Education Research International, 2012, 1-10. doi:10.1155/2012/741713 
 
 207 
Dionne, L., Reis, G., Trudel, L., Guillet, G., Kleine, L., & Hancianu, C. (2012). Students’ sources 
of motivation for participating in science fairs: An exploratory study within the Canada-wide 
Science Fair 2008. International Journal of Science and Mathematics Education, 10(3), 669-
693.  
Dohn, N. B. (2013). Upper secondary students’ situational interest: A case study of the role of a zoo 
visit in a biology class. International Journal of Science Education, 35(16), 2732-2751.  
Efklides, A. (2011). Interactions of metacognition with motivation and affect in self-regulated 
learning: The MASRL model. Educational Psychologist, 46(1), 6-25. 
Effeney, G., Carroll, A., & Bahr, N. (2013). Self-regulated learning and executive function: 
Exploring the relationships in a sample of adolescent males. Educational Psychology, 33(7), 
773-796.  
Egodawatte, G. (2014). An analysis of the competency-based secondary mathematics curriculum in 
Sri Lanka. Educational Research for Policy and Practice, 13(1), 45-63. 
Eilam, B., & Aharon, I. (2003). Students’ planning in the process of self-regulated learning. 
Contemporary Educational Psychology, 28(3), 304-334.  
Ekanayake, S. Y., & Wishart, J. (2014). Mobile phone images and video in science teaching and 
learning. Learning, Media and Technology, 39(2), 229-249.  
Ekanayake, S. Y., & Wishart, J. (2015). Integrating mobile phones into teaching and learning: A 
case study of teacher training through professional development workshops. British Journal 
of Educational Technology, 46(1), 173-189.  
Fang, N. (2013). Increasing high school students’ interest in STEM education through collaborative 
brainstorming with Yo-Yos. Journal of STEM Education: Innovations and Research, 14(4), 
8-14.  
Faria, C., Pereira, G., & Chagas, I. (2012). D. Carlos de Bragança, a pioneer of experimental marine 
oceanography: Filling the gap between formal and informal science education. Science & 
Education, 21(6), 813-826.  
Fazio, X., & Volante, L. (2011). Pre-service science teachers’ perceptions of their practicum 
classrooms. Teacher Educator, 46(2), 126-144.  
Floersch, J., Longhofer, J. L., Kranke, D., & Townsend, L. (2010). Integrating thematic, grounded 
theory and narrative analysis: A case study of adolescent psychotropic treatment. Qualitative 
Social Work, 9(3), 407-425. 
Gee, N. (2012). The residential fieldtrip experience: Evolving teacher-student relationships. 
Learning, Culture and Social Interaction, 1(3-4), 208-215.  
 208 
Gibson, W. J., & Brown, A. (2009). Working with qualitative data. London: Sage. 
Gillies, R. M. (2013). Productive academic talk during inquiry-based science. Pedagogies: An 
International Journal, 8(2), 126-142.  
Gillies, R. M., & Boyle, M. (2010). Teachers’ reflections on cooperative learning: Issues of 
implementation. Teaching and Teacher Education, 26(4), 933-940.  
Gillies, R. M., Nichols, K., Burgh, G., & Haynes, M. (2012). The effects of two strategic and meta-
cognitive questioning approaches on children’s explanatory behaviour, problem-solving, and 
learning during cooperative, inquiry-based science. International Journal of Educational 
Research, 53, 93-106.  
Gillies, R. M., Nichols, K., Burgh, G., & Haynes, M. (2014). Primary students’ scientific reasoning 
and discourse during cooperative inquiry-based science activities. International Journal of 
Educational Research, 63, 127-140.  
Grau, V., & Whitebread, D. (2012). Self and social regulation of learning during collaborative 
activities in the classroom: The interplay of individual and group cognition. Learning and 
Instruction, 22(6), 401-412.  
Greene, J. A., & Azevedo, R. (2009). A macro-level analysis of SRL processes and their relations to 
the acquisition of a sophisticated mental model of a complex system. Contemporary 
Educational Psychology, 34(1), 18-29.  
Hadwin, A. F., Järvelä, S., & Miller, M. (2011). Self-regulated, co-regulated, and socially shared 
regulation of learning. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-
regulation of learning and performance (pp. 65-83). New York, NY: Routledge. 
Hagay, G., Baram-Tsabari, A., & Peleg, R. (2013). The co-authored curriculum: High school 
teachers’ reasons for including students’ extra-curricular interests in their teaching. 
International Journal of Science and Mathematics Education, 11(2), 407-431.  
Hagay, G., & Baram-Tsabari, A. (2015). A strategy for incorporating students’ interests into the 
high-school science classroom. Journal of Research in Science Teaching, 40(6), 945-956. 
Haney, J. J., Lumpe, A. T., & Czerniak, C. M. (2003). Constructivist beliefs about the science 
classroom learning environment: Perspectives from teachers, administrators, parents, community 
members, and students. School Science and Mathematics,103(8), 366–377. 
Hattie, J. (2009). Visible learning – A synthesis of over 800 meta-analysis relating to achievement. 
Abingdon, Oxon: Routledge. 
Hattie, J. (2012). Visible learning for teachers: Maximizing impact on learning. Abingdon, Oxon: 
Routledge. 
 209 
Hattie, J., & Yates, G. C. R. (2014). Visible learning and the science of how we learn. Abingdon, 
Oxon: Routledge. 
Haug, B. S. (2014). Inquiry-based science: Turning teachable moments into learnable 
moments. Journal of Science Teacher Education, 25(1), 79-96.  
Hennink, M. M., Hutter, I., & Bailey, A. (2011). Qualitative research methods. Thousand Oaks, 
CA: Sage. 
Hilden, K., & Pressley, M. (2007). Self-regulation through transactional strategies instruction. 
Reading and Writing Quarterly, 23(1), 51-75.  
Hodson, D. (2014). Learning science, learning about science, doing science: Different goals 
demand different learning methods. International Journal of Science Education, 36(15), 
2534-2553.  
Holstermann, N., Grube, D., & Bögeholz, S. (2010). Hands-on activities and their influence on 
students’ interest. Research in Science Education, 40(5), 743-757.  
Houseal, A. K., Abd‐El‐Khalick, F., & Destefano, L. (2014). Impact of a student-teacher-scientist 
partnership on students’ and teachers’ content knowledge, attitudes toward science, and 
pedagogical practices. Journal of Research in Science Teaching, 51(1), 84-115.  
Jang, S. J. (2007). A study of students’ construction of science knowledge: Talk and writing in a 
collaborative group. Educational Research, 49(1), 65-81.  
Järvelä, S., & Järvenoja, H. (2011). Socially constructed self-regulated learning and motivation 
regulation in collaborative learning groups. Teachers College Record, 113(2), 350-374.  
Järvenoja, H., Volet, S., & Järvelä, S. (2013). Regulation of emotions in socially challenging 
learning situations: An instrument to measure the adaptive and social nature of the regulation 
process. Educational Psychology, 33(1), 31-58.  
Kaberman, Z., & Dori, Y. (2009). Question posing, inquiry, and modeling skills of chemistry 
students in the case-based computerized laboratory environment. International Journal of 
Science and Mathematics Education, 7(3), 597-625.  
Kamberelis, G., & Dimitriadis, G. (2005). Focus groups: Strategic articulations of pedagogy, 
politics, and inquiry. In N. Denzin & Y. Lincoln (Eds.), Handbook of qualitative research (3rd 
ed., pp. 887-907). Thousand Oaks, CA: Sage. 
Karabenick, S. A., & Dembo, M. H. (2011). Understanding and facilitating self-regulated help 
seeking. New Directions for Teaching and Learning, 126, 33-43. doi: 10.1002/tl.442 
 210 
Karabenick, S. A., & Zusho, A. (2015). Examining approaches to research on self-regulated 
learning: Conceptual and methodological considerations. Metacognition and Learning, 
10(1), 151-163. 
Killen, R. (2013). Effective teaching strategies (6
th
 ed.). Melbourne: Cengage Learning Australia. 
Kim, M., & Tan, H. T. (2013). A collaborative problem-solving process through environmental 
field studies. International Journal of Science Education, 35(3), 357-387. 
Kingir, S., Tas, Y., Gok, G., & Vural, S. S. (2013). Relationships among constructivist learning 
environment perceptions, motivational beliefs, self-regulation and science achievement. 
Research in Science and Technological Education, 31(3), 205-226.  
Kistner, S., Rakoczy, K., Otto, B., Dignath-van Ewijk, C., Büttner, G., & Klieme, E. (2010). 
Promotion of self-regulated learning in classrooms: Investigating frequency, quality, and 
consequences for student performance. Metacognition and Learning, 5(2), 157-171.  
Kloser, M. (2014). Identifying a core set of science teaching practices: A Delphi expert panel 
approach. Journal of Research in Science Teaching, 51(9), 1185-1217.  
Kluge, A. (2014). Combining laboratory experiments with digital tools to do scientific inquiry. 
International Journal of Science Education, 36(13), 2157-2179.  
Kramarski, B., & Michalsky, T. (2009). Investigating pre-service teachers’ professional growth in 
self-regulated learning environments. Journal of Educational Psychology, 101(1), 161-175.  
Krueger, R. A., & Casey, M. A. (2009). Focus groups: A practical guide for applied research (4
th
 
ed.).Thousand Oaks, CA: Sage. 
Kudenko, I., Ratcliffe, M., Redmore, A., & Aldridge, C. (2011). Impact of a national programme of 
professional development in science education: Research in Science & Technological 
Education, 29(1), 25-47. 
Lai, E. R., & Waltman, K. (2008). Test preparation: Examining teacher perceptions and practices. 
Educational Measurement: Issues and Practice, 27(2), 28-45.  
Lam, S. F., Law, Y. K., & Shum, M. S. K. (2009). Classroom discourse analysis and educational 
outcomes in the era of education reform. British Journal of Educational Psychology, 79(4), 
617-641.  
Lau, K. L. (2011). Collaborating with front-line teachers to incorporate self-regulated learning in 
Chinese language classes. Educational Research and Evaluation, 17(1), 47-66.  
Lau, K. L. (2013). Chinese language teachers’ perception and implementation of self-regulated 
learning-based instruction. Teaching and Teacher Education, 31(1), 56-66.  
 211 
Lichtman, M. (2013). Qualitative research in education: A user’s guide (3rd ed.). Thousand Oaks, 
CA: Sage. 
Little, A.W. (2010). The politics, policies and progress of basic education in Sri Lanka: Create 
pathways to access (Research Monograph No. 38). Retrieved from http ://www.create-
rpc.org/pdf_documents/PTA38.pdf 
Liu, L., & Zhang, Y. (2014). The application of constructivism to the teaching of intercultural 
communication. English Language Teaching, 7(5),136-141. 
Logan, M. R., & Skamp, K. R. (2013). The impact of teachers and their science teaching on 
students’ ‘science interest’: A four-year study. International Journal of Science Education, 
35(17), 2879-2904.  
Lopez, E. J., Nandagopal, K., Shavelson, R. J., Szu, E., & Penn, J. (2013). Self-regulated learning 
study strategies and academic performance in undergraduate organic chemistry: An 
investigation examining ethnically diverse students. Journal of Research in Science Teaching, 
50(6), 660-676.  
Loyens, S. M. M., & Gijbels, D. (2008). Understanding the effects of constructivist learning 
environments: Introducing a multi-directional approach. Instructional Science, 36(5/6), 351-
357. 
MacQuarrie, S., Howe, C., & Boyle, J. (2012). Exploring the characteristics of small groups within 
science and English secondary classrooms. Cambridge Journal of Education, 42(4), 527-546.  
McInerney, D. M. (2008). The motivational roles of cultural differences and cultural identity in self-
regulated learning, In B. J. Zimmerman & D. H. Schunk (Eds.), Motivation and self-regulated 
learning: Theory, research, and applications (pp. 369-400). New York, NY: Lawrence 
Erlbaum Associates. 
McInerney, D. M. (2011). Culture and self-regulation in educational contexts. In B. J. Zimmerman 
& D. H. Schunk (Eds.), Handbook of self-regulation of learning and performance (pp. 442-
464). New York, NY: Routledge. 
McInerney, D. M., & McInerney, V. (2010). Educational psychology: Constructing learning (5
th 
ed.). Frenchs Forest, NSW: Pearson Education. 
Mansour, N. (2009). Science teachers’ beliefs and practices: Issues, implications and research 
agenda. International Journal of Environmental & Science Education, 4(1), 25-48. 
Mansour, N. (2013). Consistencies and inconsistencies between science teachers’ beliefs and 
practices. International Journal of Science Education, 35(7), 1230-1275.  
 
 212 
Marambe, K. N., Vermunt, J. D., & Boshuizen, H. P. (2012). A cross-cultural comparison of 
student learning patterns in higher education. Higher Education, 64(3), 299-316.  
Mathew, N.G.,
 
& Alidmat, A.O.H. (2013). A study on the usefulness of audio-visual aids in EFL 
classroom: Implications for effective instruction. The International Journal of Higher 
Education, 2(2), 86-92. 
McCambridge, J., Witton, J., & Elbourne, D. R. (2014). Systematic review of the Hawthorne effect: 
New concepts are needed to study research participation effects. Journal of Clinical 
Epidemiology, 67(3), 267-277.  
McMullen, F., & Madelaine, A. (2014). Why is there so much resistance to direct instruction? 
Australian Journal of Learning Difficulties, 19(2), 137-151.  
McNeill, K. L., Pimentel, D. S., & Strauss, E. G. (2013). The impact of high school science teachers’ 
beliefs, curricular enactments and experience on student learning during an inquiry-based 
urban ecology curriculum. International Journal of Science Education, 35(15), 2608-2644.  
Mertens, D. M. (2010). Research and evaluation in education and psychology: Integrating diversity 
with quantitative, qualitative, and mixed methods. Thousand Oaks, CA: Sage.  
Merriam, S. B. (1998). Qualitative research and case study applications in education (2
nd
 ed.). San 
Francisco, CA: Jossey-Bass Publishers. 
Michalsky, T. (2013). Integrating skills and wills instruction in self-regulated science text reading 
for secondary students. International Journal of Science Education, 35(11), 1846-1873.  
Miller, R. B., & Brickman, S. J. (2004). A model of future-oriented motivation and self-regulation. 
Educational Psychology Review, 16(1), 9-33. 
Ministry of Education Sri Lanka. (2006). Education sector development framework and 
programme. Baththaramulla, Sri Lanka: Ministry of Education. 
Ministry of Education. (2007). New vision for education, progress. Baththaramulla, Sri Lanka: 
Ministry of Education. 
Ministry of Education. (2008). School census preliminary report. Retrieved from 
http://www.statistics.gov.lk/page.asp?page=Education 
Ministry of Education, Sri Lanka. (2013a). Annual performance report. Baththaramulla, Sri Lanka: 
Ministry of Education.  
Ministry of Education, Sri Lanka. (2013b). Sri Lanka education information. Baththaramulla, Sri 
Lanka: Ministry of Education. 
Ministry of Science and Technology. (2008). National science and technology policy. Colombo: Sri 
Lanka. 
 213 
Mugaloglu, E. (2014). The problem of pseudoscience in science education and implications of 
constructivist pedagogy. Science & Education, 23(4), 829-842.  
Muis, K. R. (2007). The role of epistemic beliefs in self-regulated learning. Educational 
Psychologist, 42(3), 173-19. 
Mulder, Y. G., Lazonder, A. W., & de Jong, T. (2015). Key characteristics of successful science 
learning: The promise of learning by modelling. Journal of Science Education and 
Technology, 24(2-3), 168-177.  
Nam, J., Seung, E., & Go, M. (2013). The effect of a collaborative mentoring program on beginning 
science teachers’ inquiry-based teaching practice. International Journal of Science 
Education, 35(5), 815-836.  
Nargund-Joshi, V., Rogers, M. A. P., & Akerson, V. L. (2011). Exploring Indian secondary 
teachers’ orientations and practice for teaching science in an era of reform. Journal of 
Research in Science Teaching, 48(6), 624-647.  
National Education Commission Report. (2003). Proposals for a national policy framework on 
general education in Sri Lanka. Retrieved from http :// www.nec.gov.lk / web/ images/ pdf/ 
policies/National_Policy_2003.pdf 
National Institute of Education. (2007). Teacher’s instructional manual, biology, Grade 10. 
Maharagama, Sri Lanka: National Institute of Education. 
National Institute of Education. (2015). Teacher’s guide, science, Grade 10. Maharagama, Sri 
Lanka: National Institute of Education. 
Ney, M., Wajeman, C., d’Ham, C., Girault, I., & Sanchez, E. (2012). Characterizing the 
experimental procedure in science laboratories: A preliminary step towards students’ 
experimental design. International Journal of Science Education, 34(6), 825-854.  
Noyes, A. (2012). It matters which class you are in: Student-centred teaching and the enjoyment of 
learning mathematics. Research in Mathematics Education, 14(3), 273-290.  
Oolbekkink-Marchand, H. W., van Driel, J. H., & Verloop, N. (2006). A breed apart? A comparison 
of secondary and university teachers' perspectives on self-regulated learning. Teachers and 
Teaching: Theory and Practice, 12(5), 593-614.  
Osborne, J., Simon, S., Christodoulou, A., Howell-Richardson, C., & Richardson, K. (2013). 
Learning to argue: A study of four schools and their attempt to develop the use of 
argumentation as a common instructional practice and its impact on students. Journal of 
Research in Science Teaching, 50(3), 315-347.  
Overman, M., Vermunt, J. D., Meijer, P. C., Bulte, A. M. W., & Brekelmans, M. (2014). Students’ 
perceptions of teaching in context-based and traditional chemistry classrooms: Comparing 
 214 
content, learning activities, and interpersonal perspectives. International Journal of Science 
Education, 36(11), 1871-1901.  
Ozdemir, I. E. Y. (2011). Self-regulated learning from a sociocultural perspective. Egitim Ve 
BilimI-Education and Science, 36(160), 298-308. 
Pajares, M. F. (1992). Teachers’ beliefs and educational research: Cleaning up a messy construct. 
Review of Educational Research, 62(3), 307–332. 
Pallegedara, A. (2011). Demand for private tuition classes under the free education policy. 
Evidence based on Sri Lanka. Munich: Munich Personal RePEc Archive. Retrieved from 
http://mpra.ub.uni-muenchen.de/31969/ 
Pasini, M. E., Bertolotto, F., & Fasano, P. (2010). The role of models in science: An experience 
with Drosophila. Procedia - Social and Behavioral Sciences, 2(2), 1164-1168.  
Perels, F., Gürtler, T., & Schmitz, B. (2005). Training of self-regulatory and problem-solving 
competence. Learning and Instruction, 15(2), 123-139. 
Perry, N. E., VandeKamp, K. O., Mercer, L. K., & Nordby, C. J. (2002). Investigating teacher-
student interactions that foster self-regulated learning. Educational Psychologist, 37(1), 5-15.  
Perry, N., Phillips, L., & Dowler, J. (2004). Examining features of tasks and their potential to 
promote self-regulated learning. The Teachers College Record, 106(9), 1854-1878.  
Perry, N., Hutchinson, L., & Thauberger, C. (2007). Mentoring student teachers to design and 
implement literacy tasks that support self-regulated reading and writing. Reading & Writing 
Quarterly, 23(1), 27-50.  
Perry, N. E., Hutchinson, L., & Thauberger, C. (2008). Talking about teaching self-regulated 
learning: Scaffolding student teachers’ development and use of practices that promote self-
regulated learning. International Journal of Educational Research, 47(2), 97-108.  
Perry, N. E., & Rahim, A. (2011). Studying self-regulated learning in classrooms. In B. J. 
Zimmerman & D. H. Schunk (Eds.), Handbook of self-regulation of learning and 
performance (pp. 122-136). New York, NY: Routledge. 
Peters, E. E. (2010). Shifting to a student-centered science classroom: An exploration of teacher and 
student changes in perceptions and practices. Journal of Science Teacher Education, 21(3), 
329-349.  
Pickens, M., & Eick, C. J. (2009). Studying motivational strategies used by two teachers in 
differently tracked science courses. The Journal of Educational Research, 102(5), 349-362.  
Pimentel, D. S., & McNeill, K. L. (2013). Conducting talk in secondary science classrooms: 
Investigating instructional moves and teachers’ beliefs. Science Education, 97(3), 367-394.  
 215 
Pintrich, P. R. (2000). The role of goal orientation in self-regulated learning. In M. Boekaerts, P. R. 
Pintrich, & M. Zeider (Eds.), Handbook of self-regulation (pp. 451-502). San Diego, CA: 
Academic Press. 
Pintrich, P. R. (2004). A conceptual framework for assessing motivation and self-regulated learning 
in college students. Educational Psychology Review, 16(4), 385-407. 
Pintrich, P. R., & Zusho, A. (2007). Student motivation and self-regulated learning in the college 
classroom. In R. P. Perry & J.C. Smart (Eds.), The scholarship of teaching and learning in 
higher education: An evidence-based perspective (pp. 731-810). Dordrecht: the Netherlands: 
Springer. 
Portnoy, L. B., & Rabinowitz, M. (2014). What’s in a domain: Understanding how students 
approach questioning in history and science. Educational Research and Evaluation, 20(2), 
122-145.  
Prain, V. (2006). Learning from writing in secondary science: Some theoretical and practical 
implications. International Journal of Science Education, 28(2-3), 179-201. 
Qablan, A. M., & DeBaz, T. (2014). Facilitating elementary science teachers’ implementation of 
inquiry-based science teaching. Teacher Development, 19(1), 3-21.  
Rogat, T. K., Witham, S. A., & Chinn, C. (2014). Teachers’ autonomy-relevant practices within an 
inquiry-based science curricular context: Extending the range of academically significant 
autonomy-supportive practices. Teachers College Record, 116(7), 1-46. 
Sarkar, M., & Corrigan, D. (2014). Bangladeshi science teachers’ perspectives of scientific literacy 
and teaching practices. International Journal of Science and Mathematics Education, 12(5), 
1117-1141.  
Sasić, S. S., & Sorić, I. (2011). Teacher-student quality of interaction: Relationship with 
components of self-regulated learning, examination anxiety and school achievement. Suvremena 
Psihologija, 14(1), 35-55. 
Savasci, F., & Berlin, D. F. (2012). Science teacher beliefs and classroom practice related to 
constructivism in different school settings. Journal of Science Teacher Education, 23(1), 65-86. 
Schraw, G., Crippen, K., & Hartley, K. (2006). Promoting self-regulation in science education: 
Metacognition as part of a broader perspective on learning. Research in Science Education, 
36(1), 111-139.  
Schuitema, J., Peetsma, T., & van der Veen, I. (2012). Self-regulated learning and students’ 
perceptions of innovative and traditional learning environments: A longitudinal study in 
secondary education. Educational Studies, 38(4), 397-413.  
 216 
Schunk, D. H. (1990). Goal setting and self-efficacy during self-regulated learning. Educational 
Psychologist, 25(1), 71-86.  
Schunk, D. H. (2012). Learning theories: An educational perspective (6
th 
ed.). Boston, MA: Pearson 
Education. 
Schunk, D. H., & Zimmerman, B. J. (2007). Influencing children’s self-efficacy and self-regulation 
of reading and writing through modeling. Reading & Writing Quarterly, 23(1), 7-25.  
Scott, G., Furnell, J., Murphy, C., & Goulder, R. (2014). Teacher and student perceptions of the 
development of learner autonomy: A case study in the biological sciences. Studies in Higher 
Education. Advance online publication. doi: 10.1080/03075079.2013.842216 
Sellmann, D., Liefländer, A. K., & Bogner, F. X. (2015). Concept maps in the classroom: A new 
approach to reveal students’ conceptual change. The Journal of Educational Research, 
108(3), 250-257.  
Şentürk, E., & Özdemir, Ö. F. (2014). The effect of science centres on students’ attitudes towards 
science. International Journal of Science Education, Part B, 4(1), 1-24.  
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational 
Researcher, 15(2), 4-14. 
Shulruf, B. (2010). Do extra-curricular activities in schools improve educational outcomes? A 
critical review and meta-analysis of the literature. International Review of Education, 56(5-6), 
591-612.  
Sinatra, G. M., & Taasoobshirazi, G. (2011). Intentional conceptual change: The self-regulation of 
science learning. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-regulation of 
learning and performance (pp. 203- 216). New York, NY: Routledge. 
Sinatra, G. M., Kienhues, D., & Hofer, B. K. (2014). Addressing challenges to public understanding 
of science: Epistemic cognition, motivated reasoning, and conceptual change. Educational 
Psychologist, 49(2), 123-138.  
Spruce, R., & Bol, L. (2015). Teacher beliefs, knowledge, and practice of self-regulated learning. 
Metacognition and Learning, 10(2), 245-277. 
Stefanou, C., Stolk, J. D., Prince, M., Chen, J. C., & Lord, S. M. (2013). Self-regulation and 
autonomy in problem-and project-based learning environments. Active Learning in Higher 
Education, 14(2), 109-122.  
Stewart, D. W., Shamdasani, P. N., & Rook, D. W. (2007). Focus groups: Theory and practice (2
nd
 
ed.). Thousand Oaks, CA: Sage. 
 217 
Stonehouse, P. (2007). Recording in the wilds: A reflection on research-technology needs on an 
expedition. Australian Journal of Outdoor Education, 11(1), 47-49.  
Strickland, D. L., & Strickland, C. J. (2013). My sociology: The challenge of transforming 
classroom culture from a focus on grades to a focus on learning. The Journal of Public and 
Professional Sociology, 5(2), 1-27.  
Swain, M., & Deters, P. (2007). “New” mainstream SLA theory: Expanded and enriched. The 
Modern Language Journal, 91(1), 820-836.  
Tang, M., & Neber, H. (2008). Motivation and self-regulated science learning in high-achieving 
students: Differences related to nation, gender, and grade-level. High Ability Studies, 19(2), 
103-116. 
Taylor, D. L., & Booth, S. (2015). Secondary physical science teachers’ conceptions of science 
teaching in a context of change. International Journal of Science Education, 37(8), 1299-
1320. 
The University Grants Commission Sri Lanka. (2014). Admissions to undergraduate courses of the 
universities in Sri Lanka (Academic year 2013-2014). Retrieved from 
http://www.ugc.ac.lk/en/university-admissions.html  
The University of Colombo. (2013). Handbook for B.Ed degree. Colombo: Sri Lanka: Faculty of 
Education.  
Thomas, D. R. (2006). A general inductive approach for analyzing qualitative evaluation data. 
American Journal of Evaluation, 27(2), 237-246. 
Tonks, S. M., & Taboada, A. (2011). Developing self-regulated readers through instruction for 
reading engagement. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-
regulation of learning and performance (pp. 173-186). New York, NY: Routledge. 
Topping, K. J., Thurston, A., Tolmie, A., Christie, D., Murray, P., & Karagiannidoud, E. (2011). 
Cooperative learning in science: Intervention in the secondary school. Research in Science 
and Technological Education, 29(1), 91-106.  
Turingan, J., P., & Yang, Y.-C. (2009). A cross-cultural comparison of self-regulated learning skills 
between Korean and Filipino college students. Asian Social Science, 5(12).  
Veermans, M., Lallimo, J., & Hakkarainen, K. (2005). Patterns of guidance in inquiry learning. 
Journal of Interactive Learning Research, 16(2), 179–194. 
Vrieling, E. M., Bastiaens, T. J., & Stijnen, S. (2010). Process-oriented design principles for 
promoting self-regulated learning in primary teacher education. International Journal of 
Educational Research, 49(4-5), 141-150.  
 218 
Vrieling, E., Bastiaens, T., & Stijnen, S. (2012). Effects of increased self-regulated learning 
opportunities on student teachers’ motivation and use of metacognitive skills. Australian 
Journal of Teacher Education, 37(8), 102-117.  
Vrieling, E. M., Bastiaens, T. J., & Stijnen, P. J. J. (2013). The ‘Self-regulated Learning 
Opportunities Questionnaire’: A diagnostic instrument for teacher educators’ professional 
development. Professional Development in Education, 39(5), 799-821.  
U. K. Department for Education and Skills. (2004). Pedagogy and practice: Teaching and learning 
in secondary schools: Unit 6 modelling. Retrieved from 
dera.ioe.ac.uk/5669/1/sec_pptl042904u6modelling.pdf 
U.S. National Research Council. (1996). National science education standards. Washington, DC: 
National Academy Press. 
U.S. National Research Council. (2012). A framework for K-12 science education practices: 
Crosscutting concepts, and core ideas. Retrieved from http://www.nap.edu/catalog/13165/a-
framework-for-k-12-science-education-practices-crosscutting-concepts 
Von Secker, C. E., & Lissitz, R. W. (1999). Estimating the impact of instructional practices on 
student achievement in science. Journal of Research in Science Teaching, 36(10), 1110-
1126.  
Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. 
London: Harvard University Press.  
Wahyudi, A., & Treagust, D. F. (2004). An investigation of science teaching practices in Indonesian 
rural secondary schools. Research in Science Education, 34(4), 455-474.  
Williams, M., Cross, D., Hong, J., Aultman, L., Osbon, J., & Schutz, P. (2008). “There are no 
emotions in math”: How teachers approach emotions in the classroom. The Teachers College 
Record, 110(8), 1574-1610.  
Windschitl, M., Thompson, J., Braaten, M., & Stroupe, D. (2012). Proposing a core set of 
instructional practices and tools for teachers of science. Science Education, 96(5), 878-903.  
Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated learning. In D. J. Hacker, J. 
Dunlosky, & A. C. Graesser (Eds.), Metacognition in educational theory and practice (pp. 
277-304). Hillsdale, NJ: Lawrence Erlbaum. 
Wolters, C. A., Pintrich, P. R., & Karabenick, S. A. (2005). In K. Moore & L. Lippman (Eds.), 
What do children need to flourish: Conceptualizing and measuring indicators of positive 
development (pp. 251–270). New York, NY: Springer. 
 219 
Wolters, C., & Taylor, D. (2012). A self-regulated learning perspective on student engagement. In 
S. L. Christenson, A. L. Reschly, & C. Wylie (Eds.), Handbook of research on student 
engagement (pp. 635-651). New York, NY: Springer. 
Wong, M. M. (2008). Perceptions of parental involvement and autonomy support: Their relations 
with self-regulation, academic performance, substance use and resilience among adolescents. 
North American Journal of Psychology, 10(3), 497-518.  
Yin, R. K. (2012). Applications of case study research (3
rd
 ed.). Thousand Oaks, CA: Sage. 
Yin, R. K. (2014). Case study research: Design and methods (5
th
 ed.). Thousand Oaks, CA: Sage. 
Zimmerman, B. J. (1989). A social cognitive view of self-regulated academic learning. Journal of 
Educational Psychology, 81(3), 329-339.  
Zimmerman, B. J. (2000). Attaining self-regulation: A social cognitive perspective. In M. 
Boekaerts, P. R. Pintrich, & M. Zeldner (Eds.), Handbook of self-regulation (pp. 13-39). San 
Diego, CA: Academic Press. 
Zimmerman, B. J. (2001). Theories of self-regulated learning and academic achievement: An 
overview and analysis. In B. J. Zimmerman & D. H. Schunk (Eds.), Self-regulated learning 
and academic achievement: Theoretical perspectives (pp. 1-37). New York, NY: Lawrence 
Erlbaum Associates. 
Zimmerman, B. J. (2002). Becoming a self-regulated learner: An overview. Theory into Practice, 
41(2), 64-70.  
Zimmerman, B. J. (2004). Sociocultural influences and students’ development of academic self-
regulation: A social cognitive perspective. In D. M. McInerney & S. Van Etten (Eds.), Big 
theories revisited (Vol. 4, pp. 139-164). Greenwich, CT: Information Age. 
Zimmerman, B. J. (2008). Investigating self-regulation and motivation: Historical background, 
methodological developments, and future prospects. American Educational Research Journal, 
45(1), 166-183.  
Zimmerman, B. J. (2011). Motivational sources and outcomes of self-regulated learning and 
performance. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-regulation of 
learning and performance (pp. 49-64). New York, NY: Routledge. 
Zimmerman, B. J., & Kitsantas, A. (2014). Comparing students’ self-discipline and self-regulation 
measures and their prediction of academic achievement. Contemporary Educational 
Psychology, 39(2), 145-155.  
Zohar, A., & Barzilai, S. (2013). A review of research on metacognition in science education: 
Current and future directions. Studies in Science Education, 49(2), 121-169.  
 220 
Zusho, A., & Edwards, K. (2011). Self-regulation and achievement goals in the college classroom. 
New Directions for Teaching and Learning, 126, 21-31. doi: 10.1002/tl.441 
 221 
Appendices 
Appendix 1: Course objectives for Grade 6 to 11 Science 
On completion of this course, the student will be able to:  
 Develop scientific concepts and principles systematically through a joyful learning 
environment. 
 Develop competencies related to problem-solving by using processes in science and 
scientific method appropriately. 
 Develop competencies pertaining to managing environmental resources intelligently 
by understanding the potential of such resources. 
 Develop competencies related to the usage of scientific knowledge to lead a 
physically and mentally healthy life. 
 Develop competencies pertaining to becoming a successful individual who will 
contribute to the development of the nation in collaboration, engage in further 
studies and undertaking challenging job prospects in the future. 
 Develop competencies related to understanding the scientific basis of the natural 
phenomena and the universe. 
 Use appropriate technology to maintain efficiency and effectiveness at an optimum 
level in utilizing energy and force. 
 Develop competencies related to evaluation of day to day life experiences and 
information acquired through media by employing scientific criteria with the 
background of limitations and dynamic nature of science. 
 
(Note. Adapted from Teacher’s Instructional Manual: Grade 10 Biology by National 
Institute of Education, 2007, p. 3. (This was written in English). 
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Appendix 2: Focus Group Interview Schedule  
(To be translated into Sinhala) 
 
        
 
Focus Group Interview about Senior Secondary School Teachers’ Understandings of the 
Practices that They Use to Foster Students’ Science Achievement  
 
Date: …./…./2012    School:     
Start time:     End time:     
No of participants: Grade 10:   Code of participants: 
Grade 11: 
Grade 10 &11: 
Introduction questions 
Tell me your name, the grade you are teaching and how long you have been teaching science?  
Topic 1 – Teaching Practices 
I am going to ask you about your teaching practices. There are many words that can be used instead 
of teaching practices. You might call them teaching methods, teaching approaches, teaching 
techniques, or teaching strategies. 
1. When you teach science what do you aim to achieve? 
2. Where did you learn those practices? 
This next question is relevant only to those who teach Grade10. 
3. What teaching practices do you use to help your Grade 10 students learn in science? 
These next two questions are relevant only to those who teach Grade11. 
4. What teaching practices do you use to help your Grade 11 students learn in science? 
5. How do you prepare your students for the national examination in Grade 11? 
6. How can you ensure that the students are learning what you want to teach them? 
7. How do you motivate students to learn science? 
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Topic 2 - The Government Policy - Student-Centred Learning and Self-Regulated Learning 
The government has introduced some policies related to student-centred learning. 
1. What does the term student-centred learning mean to you?  
2. What teaching practices related to student-centred learning do you think teachers should use 
in their science classrooms? 
3. Have you ever heard of the word self-regulated learning? If so, what does it mean to you?  
Topic 3 - The Government Policy - Student Autonomy  
The government policy has emphasised the idea of student autonomy in learning. 
1. What does the term student autonomy in learning mean to you?  
2. What teaching practices do you think teachers should use to develop student autonomy in 
learning? 
Topic 4 - The Government Policy - Teacher as a Facilitator 
According to the new government policy, a teacher in Sri Lankan schools should be a facilitator.  
1. What does the term facilitator mean to you? 
2. What teaching practices do you think a teacher who is a facilitator would use? 
Other Practices 
Are there any other practices that you use to foster students’ science achievement? Is there anything 
that I have missed?  
 
Conclusion: 
We are now reaching the end of the interview. Does anyone have any further comments to add 
before we conclude? I would like to thank you all very much for your participation in this interview. 
Your experiences and opinions are very valuable. 
Probes/ Follow up questions 
1. What do you mean by X? 
2. Can you provide an example of X? 
3. Can you explain that a little bit more? 
4. Please describe X. 
5. How did/does X influence your [practice]? 
6. In your opinion, [. . .?]  
7. Why do you think [X is good/bad]? 
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Appendix 3: Information Letter to the Secretary – Ministry of Education  
(To be translated into Sinhala) 
 
         
 
To: The Secretary, Ministry of Education, Colombo, Sri Lanka  
 
My name is Prabha Ransi Jayawardena. I am currently a PhD student in the School of Education at 
The University of Queensland, Australia. I am seeking permission to conduct my PhD study in the 
national schools in the Kalutara district in Sri Lanka. My study is titled: 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand which of these practices were 
related with SRL. I would like to invite senior secondary school science teachers (Grades 10 and 
11) in the national schools in the Kalutara district in Sri Lanka to participate in this research. The 
study will be conducted in two phases. In Phase 1, three Focus Group Interviews will be conducted 
with a group of six senior secondary school science teachers (three teachers from each of Grade 10 
and 11) in the second largest national schools from each of the three educational zones (Horana, 
Kalutara, and Mathugama). These six science teachers will be invited to participate in a focus group 
interview about teachers’ understandings of the practices they use to foster senior secondary 
students’ science achievement. The interviews will be approximately 60 minutesin length. 
 
Phase 2 of the study involves classroom observations and semi-structured interviews. Phase 2 will 
investigate senior secondary school teachers’ practices that are used to foster their students’ science 
achievement and to understand which of these practices are related to SRL. Two science teachers 
(one teacher from each of Grade 10 and 11) will be invited to participate in this study from each of 
the largest national schools from each of the three educational zones (Horana, Kalutara, and 
Mathugama). The researcher will observe and audio-record two classroom lessons (40 minutes in 
each grade). These teachers will also be asked to provide the researcher with the lesson plans and 
worksheets that they will use during the observed classroom lessons. In addition, these four teachers 
will be invited to participate in 60 minutes individual interview about their teaching practices. A gift 
will be given to the science teachers in each of the schools in appreciation of their participation in 
the study. 
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Participation in this study is voluntary. The participants are free to withdraw from this study at any 
time without any prejudice or penalty. If any of the participants withdraw from the study, all the 
data that she or he has provided will be removed from the data set. 
All data will be collected, stored, and used with care. The information about the participants will be 
kept separately from the data. Specifically, pseudonyms instead of real names will be used. Also, 
the collected data will be kept confidentially and safely either in computer files and folders that can 
only be accessed with a password or in a locked filing cabinet in the School of Education, The 
University of Queensland. Only the researcher and her advisors can access the identified data. The 
data that will be extracted for the thesis and published reports will not be able to be traced to the 
individual participants.  
 
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University’s principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research. You are free to discuss the study with me or my advisors 
Associate Professor ` Ethics Officer on (+61) 73365 6502. 
 
I do hope that you will give me permission to conduct my PhD in the national schools in the 
Kalutara district by issuing an official letter (Please see the attached).  
If approved, I will send your permission letter to conduct the study to the three Directors of each 
Educational Zone (Horana, Kalutara, and Mathugama) in the Kalutara district.  
 
Thank you. 
Yours sincerely, 
Ms Prabha Ransi Jayawardena     
PhD Candidate 
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Appendix 4: Permission to Conduct Research – From the Secretary of the Ministry of 
Education 
(To be translated into Sinhala) 
PERMISSION TO CONDUCT RESEARCH FROM THE SECRETARY – FROM THE 
MINISTRY OF EDUCATION  
Date: …./..…/ 2012 
To Whom It May Concern. 
 
The purpose of this letter is to inform you that I give Ms Prabha Ransi Jayawardena permission to 
conduct Phase 1 of the research titled “Sri Lankan Senior Secondary School Teachers’ Practices 
that Foster Students’ Science Achievement: Towards Developing Self-Regulated Learning” in 
the …..……………..…………………………..……………… national school in the Kalutara 
District, Western Province in Sri Lanka.  
I understand any letter of agreement will be sent to the three Directors of each Educational Zone 
(Horana, Kalutara, and Mathugama) in the Kalutara district. 
 
 
Yours sincerely, 
--------------------------------------   ---------------------------------------  
Signature      Name      
The Secretary  
The Ministry of Education 
Isurupaya 
Batharamulla 
Sri Lanka 
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Appendix 5: Information Letter to Principals – Phase 1 
(To be translated into Sinhala) 
 
         
 
INFORMATION LETTER TO PRINCIPALS  
 
To: …………………………………, Principal of the………………………National School,  
 
My name is Prabha Ransi Jayawardena. I am currently a PhD student in the School of Education at 
The University of Queensland, Australia. I am seeking permission to conduct my PhD study in your 
school. My study is titled:“ Sri Lankan Senior Secondary School Teachers’ Practices that 
Foster Students’ Science Achievement: Towards Developing Self-Regulated Learning” 
 
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand which of these practices were 
related to SRL. The study will be conducted in two phases. Phase1 of the study will examine senior 
secondary teachers’ understandings of the practices they use to foster students’ science achievement. 
In Phase 1, three focus group interviews will be conducted with a group of four senior secondary 
school science teachers in the second largest national schools from each of the three educational 
zones (Horana, Kalutara, and Mathugama). 
 
To collect data for the study, I need your permission and support to conduct the fore mentioned 
research in your school. I would like to invite the Grades 10 and 11 senior secondary school science 
teachers in your school to participate in this research. I would ask you to distribute the attached 
Invitation letter and the Expression of Interest form to your science teachers in Grades 10 and 11. If 
the teachers would like to participate in the study, they will need to return the completed Expression 
of Interest form to the school office within three days. The researcher will visit the office after one-
week to collect the pre-prepared, sealed envelopes which will be addressed to the researcher. 
Thereafter, four science teachers from the school will be randomly selected on the basis of their 
Expression of Interest form. The science teachers will be informed if they have been selected. A gift 
will be given to the science teachers in appreciation of their participation in the study. 
Participation in this study is voluntary. The participants are free to withdraw from this study at any 
time without any prejudice or penalty. If any of the participants withdraw from the study, all the 
data that she or he has provided will be removed from the data set. 
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All data will be collected, stored, and used with care. The information about the participants will be 
kept separately from the data. Specifically, pseudonyms instead of real names will be used. Also, 
the collected data will be kept confidentially and safely either in computer files and folders that can 
only be accessed with a password or in a locked filing cabinet in the School of Education, The 
University of Queensland. Only the researcher and her advisors can access the identified data. The 
data that will be extracted for the thesis and published reports will not be able to be traced to the 
individual participants.  
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University’s principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research. You are free to discuss the study with me or my advisors 
Associate Professor Christa van Kraayenoord and Associate Professor Annemaree Carroll. I can be 
contacted on (+94) 342249186 or kpjay@ou.ac.lk. If you would like to speak to an officer of the 
University not involved in the study, you may contact the School Ethics Officer on (+61) 73365 
6502. 
 
I do hope that you will give me permission and support to collect data in your school for the study. 
 
Thank you. 
Yours sincerely, 
Ms Prabha Ransi Jayawardena    
PhD Candidate      
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Appendix 6: Permission to Conduct Research from Principals – Phase 1 
(To be translated into Sinhala) 
 
PERMISSION TO CONDUCT RESEARCH FROM PRINCIPALS  
 
Date: …./..…/ 2012 
To Whom It May Concern. 
The purpose of this letter is to inform you that I give Ms. Prabha Ransi Jayawardena permission to 
conduct Phase 1 of the research titled “Sri Lankan Senior Secondary School Teachers’ Practices 
that Foster Students’ Science Achievement: Towards Developing Self-Regulated Learning” in 
the …………..…………………………..……………… national school in the Kalutara District, 
Western Province in Sri Lanka.  
Sincerely, 
--------------------------------------  -----------------------------------------  
Principal’s signature     Name      
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Appendix 7: Invitation Letter for the Science Teachers – Phase 1 – Focus Group Interview 
(To be translated into Sinhala) 
 
         
 
 
INVITATION LETTER TO SCIENCE TEACHERS 
 
My name is Prabha Ransi Jayawardena. I am currently a PhD student in the School of Education at 
The University of Queensland, Australia. I hope you will participate in my study. My study is 
titled:“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand which of these practices were 
related to SRL. I would like to invite you as a senior secondary school science teacher (Grades 10 
and 11) to participate in this research.  
To collect data for the study, I need your voluntary participation. I am seeking four senior 
secondary school science teachers to participate in a 60 minute focus group interview about your 
understanding of the practices you use to foster students’ science achievement. If you are interested 
in participating in this study, please complete the form below and put it into the pre-prepared 
envelope. Seal it and hand it to the school office within three days. The researcher will visit the 
office after one-week to collect the envelope. The four participants will be randomly selected from 
each school. You will be informed if you have been selected. You will receive a gift in appreciation 
of your participation in the study. 
Participation in this study is voluntary. You are free to withdraw from this study at any time without 
any prejudice or penalty. If you withdraw from the study, all the data that you have provided will be 
removed from the data set. 
All data will be collected, stored, and used with care. Information about you will be kept separately 
from the data. Specifically, pseudonyms instead of real names will be used. Also, the collected data 
will be kept confidentially and safely either in computer files or folders that can only be accessed 
with a password or in a locked filing cabinet in the School of Education, The University of 
Queensland. Only the researcher and her advisors can access the identified data. The data that will 
be extracted for the thesis and published reports will not be able to be traced you.  
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University’s principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research.  
 
You are free to discuss the study with me or my advisors Associate Professor Christa van 
Kraayenoord and Associate Professor Annemaree Carroll. I can be contacted on (+94) 342249186 
or kpjay@ou.ac.lk. If you would like to speak to an officer of the University not involved in the 
study, you may contact the School Ethics Officer on (+61) 73365 6502. 
 
I am grateful for your consent to participate in the study. 
 
Thank you. 
Yours sincerely, 
Ms Prabha Ransi Jayawardena     
PhD Candidate 
  
 
 
 
SCIENCE TEACHER’S EXPRESSION OF INTEREST FORM 
PHASE 2 
 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
 
I .....................................................................(Name of the teacher) in ................. (Grade level) at 
the ...............................................................(Name of the school) would like to participate in the 
above mentioned study conducted by K.Prabha Ransi Jayawardena.  
 
 
-------------------------------------------   ------/------/2012 
Signature      Date 
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Appendix 8: Information Sheet for the Science Teachers – Phase 1 
(To be translated into Sinhala) 
      
 
PARTICIPANT INFORMATION SHEET  
 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
The purpose of the study  
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand which of these practices were 
related to SRL. Phase1 of the study will examine senior secondary school teachers’ understandings 
of the practices they use to foster students’ science achievement. Sri Lankan national school 
teachers who teach Grades 10 and 11 in the Kalutara district will be invited to participate in this 
study.  
Participation and withdrawal  
Participation in this study is completely voluntary. The participants are free to withdraw from this 
study at any time without any prejudice or penalty. If any of the participants withdraw from the 
study, all the data he or she has provided will be removed from the data set. 
What is involved? 
In Phase 1 of the study, a focus group interview will be conducted with a four of the senior 
secondary school science teachers from your school. The focus group interview is about teachers’ 
practices that foster students’ achievement in science. The interviews will be approximately 60 min 
in length. 
Risks 
There is no foreseeable risk. You will be interviewed during your regular class times and in your 
school.  
Confidentiality and security of data  
All data will be collected, stored, and used with care. Information about you will be kept separately 
from the data. Specifically, pseudonyms instead of real names will be used. Also, the collected data 
will be kept confidentially and safely either in computer files or folders that can only be accessed 
with a password or in a locked filing cabinet in the School of Education, The University of 
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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Queensland. Only the researcher and her advisors can access the identified data. The data that will 
be extracted for the thesis and published reports will not be able to be traced you. 
Ethics Clearance and Contacts 
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University's principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research. You are free to discuss the study with me or my advisors 
Associate Professor Christa van Kraayenoord and Associate Professor Annemaree Carroll. I can be 
contacted on (+94) 342249186 or kpjay@ou.ac.lk. If you would like to speak to an officer of the 
University not involved in the study, you may contact the School Ethics Officer on (+61) 73365 
6502. 
If you would like to know about the outcome of the study, you can contact me at kpjay@ou.ac.lk 
after 2014, and I will send you a brief summary of the findings of the study. 
 
Ms Prabha Ransi Jayawardena 
PhD Candidate 
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Appendix 9: Science Teacher Consent Form – Phase 1 
(To be translated into Sinhala) 
 
         
 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
 
This consent form will remain with the researcher for her records 
 
I agree to take part in the research project specified above. I have had the project explained to me, 
and I have read the Participation Information Sheet. I understand that agreeing to take part means 
that:  
I agree to be interviewed by the researcher.      
I agree to allow the interview to be audio-recorded.      
I understand that my participation is voluntary, that I can choose not to participate in the project, 
and that I can withdraw at any stage of the project without being penalised or disadvantaged in any 
way. 
I understand that any data that the researcher extracts from the focus group interview for use in her 
thesis and published reports will not contain my name, my school name or any other identifying 
characteristics. 
------------------------------  -------------------------------------------  ------/------/
 Name     Signature     Date 2012   
        
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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Appendix 10: Details of the Transcription Symbols 
 
 
Symbols 
 
Description  
[pause] To indicate when an interviewee taking a lengthy 
break in his/her comments 
[telephone/ mobile/ bell 
rings] 
To indicate a phone call that interrupts the 
interview 
[laughter] When the interviewee laughs  
[inaudible] When the transcriptionist cannot determine what 
is being said 
[interruption] Current speaker’s talk is overlapped by another’s 
talk  
[word] Possible hearings 
CAPITAL LETTERS Loud sounds 
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Appendix 11: Sample of Focus Group Interview Transcription 
 
        
 
 
Focus Group Interview about Sri Lankan Senior Secondary School Teachers’ Understandings 
of the Practices that They Use to Foster Students’ Science Achievement  
Date: 13/07/2012     
School: A national school in Panadura. 
Start time: 1.45 pm    End time: 2.50 pm    
No of participants: Grade 10 & 11: 4            
Code for Participants:  
       Participant 1: KNS 1 
       Participant 2: KNS 2 
       Participant 3: KNS 3  
       Participant 4: KNS 4 
       I: Interviewer 
Introduction questions 
I: Good afternoon! My name is Prabha Jayawardena. I am currently a PhD student at the University 
of Queensland, Australia. I appreciate your willingness to participate in the focus group interview 
today. As I indicated earlier, the purpose of the study is to understand senior secondary school 
science teachers’ understandings and practices that are used to foster students’ science achievement. 
The focus group interview will last from 60 min. 
In order to begin our focus group interview, I would like to know your name, the grade you are 
teaching and how long you have been teaching science?  
KNS 1: My name is [KNS 1]. I have been teaching science for almost 25 years. I teach Grades 10 
and 11 students. I teach science in Sinhala medium  
KNS 2: I am [KNS 2]. This year is my 34 years in teaching science. I teach Grades 6, 7, 8 10, and 
11 science in Sinhala 
KNS 3: My name is [KNS 3]. I teach science in Sinhala. I have been working as a science teacher 
from 18 years. I teach science to the students from Grades 6, 7, 8, and 11. 
KNS 4: My name is [KNS 4]. I teach science in English medium. I was appointed to teach science 
in English 6 years ago. I teach Grades 9, 10, and 11 classes.  
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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I: I am going to ask you about your teaching practices. There are many words that can be used 
instead of teaching practices. You might call them teaching methods, teaching approaches, teaching 
techniques, or teaching strategies. 
Q 1: When you teach science what do you aim to achieve? 
KNS 3: [pause] We try to develop students’ scientific thinking when solving practical problems. 
For example, when we teach about motor we teach how it can be used to create the Lord Buddha’s 
halo for “vesak” day. In addition we teach techniques to prevent corrosion in 
coastal areas. For example, we teach them techniques such as applying paints and reducing 
the usage of iron when building houses. We try to develop students’ observational skills. We 
expect to develop positive attitudes of students with regard to environment. The aim of teaching 
science is to develop students’ hands-on activities.  
KNS 1: Yes. I provide students to practical activities (in science) [pause]. So, students can obtain 
first–hand experience in science. Students LIKE practical activities. We try to link science in 
students’ day-to-day lives and their future needs. So, we teach science to be useful for students in 
everyday lives. When students learn science, it links with every subject domains. 
I: Can you explain that a little bit more? 
KNS 1: For example, when students learn science, they have SOME KIND OF 
UNDERSTANDING about Hygiene, Mathematics, English. Therefore, science is a 
multidisciplinary subject and it is VERY IMPORTANT to learn science. 
KNS 2: [interruption]On the other hand, there is an attitude [pause] when students follow A/L’s in 
Science or Mathematics subject streams; there are more career opportunities rather than following 
ARTS SUBJECTS. We develop students’ career awareness in science-related fields.  
I: Can you provide an example of how do you develop students’ career awareness? 
KNS 2: I encourage students to participate in science exhibitions, career fairs to develop their 
science interests. When the students participate in these events from their school age, they see a 
variety of opportunities that they can gain in learning science and they develop their future career 
plans accordingly. 
KNS 4: We aim to provide opportunities for students bring the real world into the classroom and 
then, students will be able to apply into their lives as well. Scientific knowledge helps students to 
understand the environment in theoretical and practical approaches. I always link science concepts 
with the natural environment to develop their science interests. 
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Appendix 12: A Sample of Codebook – Phase 1 
Q1: When you teach science what do you aim to achieve? 
(The teachers’ understandings of the aims of science teaching/Teachers’ understandings of the 
goals, aims and outcomes of science teaching) 
 
Text segments Main idea Category Theme Key theme 
MNS 3: We develop 
students’ thinking 
abilities when teaching 
science. Students learn 
about facts, concepts, 
theories, and laws in 
science. So that students 
will be able to understand 
the relationship between 
these concepts and they 
can apply them in many 
events in day-to-day life. 
(53-56) 
Developing 
students’ 
thinking  
 
 
To develop 
students’ 
thinking 
abilities 
 
 
Developing 
knowledge 
 
Aims of 
science 
teaching 
KNS 3: We try to develop 
students’ scientific 
thinking when solving 
practical problems. For 
example, when we teach 
about motor we teach 
how it can be used to 
create the Lord Buddha’s 
halo for “vesak” day. In 
addition we teach 
techniques to prevent 
corrosion in coastal areas. 
For example, we teach 
them techniques such as 
applying paints and 
reducing the usage of iron 
when building houses. 
(38-42) 
Developing 
students’ 
scientific 
thinking 
To develop 
students’ 
students’ 
scientific 
thinking 
HNS 2: We expect to 
enhance students’ 
scientific knowledge to 
develop the country. Sri 
Lanka is an agricultural 
country. The country 
cannot be developed only 
in agriculture. Scientific 
and technological 
knowledge is needed. The 
scientific knowledge of 
the citizens helps to 
develop the country. (44-
48) 
Enhancing 
students’ 
scientific 
knowledge to 
develop the 
country 
 
 
 
 
 
 
 
 
To develop 
scientific 
knowledge to 
develop the 
country   
 
 
 
 
 
 
 
 
 
Developing 
students’ 
scientific 
knowledge to 
develop the 
country   
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KNS 1: I provide students 
to practical activities (in 
science) [pause]. So, 
students can obtain first–
hand experience in 
science. Students LIKE 
practical activities. We try 
to link science in 
students’ day-to-day lives 
and their future needs. 
(45-47) 
Providing 
students first-
hand experience 
in science 
To give 
students’ first-
hand 
experiences in 
science 
Providing 
experiences and 
developing 
awareness 
 HNS 1: The knowledge 
about science in 
O/Ls[examination] is 
help students to select 
science to study in A/Ls. 
(31-35) 
Motivating 
students to select 
science in upper 
grades. 
To select 
science as a 
subject in the 
upper/senior 
grades 
 
KNS 1: For example, 
when students learn 
science, they have SOME 
KIND OF 
UNDERSTANDING 
about Hygiene, 
Mathematics, English. 
Therefore, science is a 
multidisciplinary subject 
and it is VERY 
IMPORTANT to learn 
science.(51-53) 
Helping students 
to link science 
with other 
subjects 
 
To link science 
with other 
subjects 
 
HNS 2: Learning science 
will be an advantage for 
students to enter the job 
market in future. We 
develop students' 
understandings of career 
opportunities. (62-63) 
Helping students 
to improve their 
career awareness 
opportunities 
To help 
students to 
improve their 
awareness of 
career 
opportunities. 
 
HNS 1: We try to develop 
students’ problem-solving 
skills. Students’ ability to 
solve problems in 
learning contexts is 
essential for the 
development of 
knowledge and 
understanding and in 
scientific concepts. (28-
30) 
Developing 
students’ 
problem solving 
skills 
To develop 
students’ 
problem-
solving skills 
 
 
 
Developing 
Skills and their 
application 
 
 
HNS 1: We also try to 
develop students’ 
understandings of how 
the knowledge is linked 
with day-today-life. We 
Developing 
students’ 
understandings 
of how science 
knowledge is 
To develop 
knowledge of 
science and 
apply it to 
everyday life 
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aim to develop students’ 
ability in applying 
scientific knowledge in 
every day events. (52-54) 
linked with day-
to-day-life 
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Appendix 13: Classroom Observation Protocol  
        
 
Observation Protocol to Explore “Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science Achievement: 
Towards Developing Self-Regulated Learning” 
. 
 
School:       Date:     Time:    
Grade and Class:      Topic of the Lesson:   Teacher: (pseudonym) 
Total Number of Students:     Number of Boys:   Girls:     Absentees: 
Start time:      End time: 
 
  
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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      Part A 
  
  
Layout of Room 
School, Grade, and Date Observed, 2012 
(Physical environment: Locate doors, windows, desks, equipment etc.) 
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     Part B 
 
Time Teaching practices observed  
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Part C 
    Data Organisation  
 
Development and achievement of: 
 
Teaching practices observed  
Goals (e.g., goal setting)  
Cognitive Skills [(e.g., rehearsal [memory], organising 
information, elaboration, critical thinking) 
Identify the cognitive skills 
 
 
 
Metacognition and self-regulated learning  
Planning learning (what has to be learned and how will 
it will be learned) 
 
Monitoring of learning/Monitoring of progress 
Control (selection and adaptation of cognitive strategies 
for learning, thinking); 
  
Evaluating one’s knowledge  
(Identify the metacognitive and self-regulatory skills) 
 
Motivation 
 
 
Social skills and interactions (e.g., teacher-student, 
student-student, collaboration) 
 
 
Other 
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Appendix 14: Semi-structured Interview 
 
        
      
Science Teacher Semi-structured Interview  
 
Date: …./…./2012  School:    Interviewee:       (pseudonym) 
      Start time:    End time:    
 
Warm-up:  
- Greet the interviewee. 
-    State the purpose of the interview: I would like to know about your practices that 
relate to self-regulated learning and that are used to foster students’ science 
achievement. 
A. First I will ask you some background questions. 
Background information 
1. Can you tell me what grade/s you teach?  Grade 10: 
       Grade 11: 
       Grade 10 and 11: 
2. How many years of teaching experience have you had?   
3. What is your highest educational qualification?   
B. The next set of questions is about your aims as a teacher with respect to your students and 
their learning in science. I want to ask you about your aims.  
Teacher’s aims 
4. When you teach science what do you aim to achieve?  
5. What types of learners do you want your students to be?  
C. The rest of the questions relate to your students and the teaching practices that you use to 
help your students learn.  
Students’ Goals 
6. How do you assist students to set goals for their learning in science? 
Monitoring 
7. How do you help students to meet [or achieve] their goals in science? 
8. How do you help your students’ monitor their learning in science? (Prompt: For 
example, how do you help students monitor whether or not they have understood what 
they have been reading in science?)  
  
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
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Knowledge Building and Content Matter 
9. What teaching practices do you use to activate students’ prior knowledge in science? 
10. What teaching practices do you use to teach topics in science?  
11. What teaching practices do you use to develop understanding of different concepts in 
science? 
Metacognition and SRL 
12. What teaching practices do you use to develop students’ thinking?  
13. What are the learning strategies that students need in order to be able to achieve well 
in the science classroom? 
14. What teaching practices do you use to help the students develop those learning 
strategies in science? 
15. What are the strategies that students need in order to regulate and control their 
learning? 
16. What teaching practices do you use to develop students’ regulation and control of their 
learning? 
17. What are the strategies that students need in order to develop autonomy (that is 
independence?) in learning? 
18. What teaching practices do you use to develop students’ autonomy (that is, their 
independent learning) in science?  
19. When students have difficulty with learning in science what teaching practices do you 
use? 
Motivation 
20. What teaching practices do you use to engage students in their science lessons?  
Social Skills and Interactions 
21. What teaching practices do you use to promote peer learning (student to student) in 
science? Why do you use these practices?  
22. What teaching practices do you use so that students collaborate with each other in the 
classroom? Why do you use these practices? 
Physical Environment of the Classroom 
23. How do you organise the science classroom (e.g., environment, resources)? Why do 
you organise it in this way?  
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Other  
24. What factors hinder students’ learning of science?  
25. What do you do in your teaching to address those barriers? (How do you deal with 
them?) 
D.  Closing Question 
26. Is there anything else that you would like to tell me about how you foster a student’s 
learning in the science classroom? 
Thanks 
Thank you for participating in this Interview.  
 
 
Probes/ Follow up questions 
1. What do you mean by X? 
2. Can you provide an example of X? 
3. Can you explain that a little bit more? 
4. Please describe X. 
5. How did/does X influence your [practice] 
6. In your opinion, [. . .?]  
7. Why do you think [X is … ]? 
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Appendix 15: Information Letter to Principals – Phase 2 
(To be translated into Sinhala) 
  
         
 
INFORMATION LETTER TO PRINCIPALS  
 
To: …………………………………, Principal of the..………………………National School,  
 
My name is Prabha Ransi Jayawardena. I am currently a PhD student in the School of Education at 
The University of Queensland, Australia. I am seeking permission to conduct my PhD study in your 
school. My study is titled: “Sri Lankan Senior Secondary School Teachers’ Practices that 
Foster Students’ Science Achievement: Towards Developing Self-Regulated Learning”. 
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand which of these practices were 
related to SRL. I would like to invite secondary school science teachers (Grades 10 and 11) in the 
national schools from each of the three educational zones (Horana, Kalutara, and Mathugama) in 
the Kalutara district in Sri Lanka to participate in this research.  
 
In Phase 2 of the study, classroom observations and semi-structured interviews will be used to 
investigate senior secondary school teachers’ practices that are used to foster their students’ science 
achievement and to understand which of these practices related to SRL. Two science teachers (one 
teacher from each of Grade 10 and 11) will be invited to allow the researcher to observe and audio-
record two of their classroom lessons (40-min in each grade). These teachers are also expected to 
provide the researcher with the lesson plans and worksheets that they used during the observed 
classroom lessons. In addition, these teachers will be invited to participate in 60 min individual 
interview about their about their about their practices that are used to foster students’ science 
achievement to understand which of these practices are related or are associated with self-regulated 
learning. 
 
To collect data for the study, I need your permission and support to conduct the fore mentioned 
research in your school. The researcher will also ask the Principal in each national school to distribute 
the Expression of Interest forms of the teachers who expressed their interest to participate in this study. 
Two science teachers (one from Grade 10 and one from Grade 11) in each of three national schools 
will be randomly selected on the basis of their Expression of Interest form in their Invitation Letter. 
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If the teachers would like to participate in the study, they will need to return the completed 
Expression of Interest form to the school office within three days. The researcher will visit the 
office after one-week to obtain the pre-pared, sealed envelopes which will be addressed to the 
researcher. Two science teachers (one teacher from Grade 10 and one teacher from Grade 11) will 
be randomly selected in each school. The science teachers will be informed if they have been 
selected. A gift will be given to the science teachers in appreciation of their participation in the 
study. 
 
Participation in this study is voluntary. The participants are free to withdraw from this study at any 
time without any prejudice or penalty. If any of the participants withdraw from the study, all the 
data that she or he has provided will be removed from the data set. All data will be collected, stored, 
and used with care. The information about the participants will be kept separately from the data. 
Specifically, pseudonyms instead of real names will be used. Also, the collected data will be kept 
confidentially and safely either in computer files and folders that can only be accessed with a 
password or in a locked filing cabinet in the School of Education, The University of Queensland. 
Only the researcher and her advisors can access the identified data. The data that will be extracted 
for the thesis and published reports will not be able to be traced to the individual participants.  
 
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University's principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research. You are free to discuss the study with me or my advisors 
Associate Professor Christa van Kraayenoord and Associate Professor Annemaree Carroll. I can be 
contacted on (+94) 342249186 or kpjay@ou.ac.lk. If you would like to speak to an officer of the 
University not involved in the study, you may contact the School Ethics Officer on (+61) 73365 
6502. 
  
I do hope that you will give me permission and support to collect data in your school for the study. 
 
Thank you. 
Yours sincerely, 
Ms Prabha Ransi Jayawardena    
PhD Candidate 
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Appendix 16: Permission to Conduct Research from Principals – Phase 2 
(To be translated into Sinhala) 
 
PERMISSION TO CONDUCT RESEARCH FROM PRINCIPALS  
 
Date: …./..…/ 2012 
To Whom It May Concern. 
The purpose of this letter is to inform you that I give Ms. Prabha Ransi Jayawardena permission to 
conduct Phase 2 of the research titled “Sri Lankan Senior Secondary School Teachers’ Practices 
that Foster Students’ Science Achievement: Towards Developing Self-Regulated Learning” in 
the..……………..…………………………..……………… national school in the Kalutara District, 
Western Province in Sri Lanka.  
Sincerely, 
--------------------------------------  -----------------------------------------  
Principal’s signature     Name      
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Appendix 17: Invitation Letter for the Science Teachers – Phase 2 
(To be translated into Sinhala) 
 
         
 
INVITATION LETTER TO SCIENCE TEACHERS 
 
My name is Prabha Ransi Jayawardena. I am currently a PhD student in the School of Education at 
The University of Queensland, Australia. I hope you will participate in my study. My study is titled: 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
The study aims to investigate senior secondary school teachers’ understandings and practices that 
are used to foster students’ science achievement and to understand in which of these classroom 
practices are related to self-regulated learning.  
I would like to invite you as a senior secondary school science teacher (Grades 10 and 11) to 
participate in this research. In Phase 2 of the study, classroom observations and semi-structured 
interviews will be conducted to investigate senior secondary school teachers’ practices that are used 
to foster their students’ science achievement and to understand which of these practices related to 
SRL. 
To collect data for the study, I need your voluntary participation. I am seeking two science teachers 
(one teacher from each of Grade 10 and 11) to observe and audio-record two classroom lessons (40-
min in each of Grade 10 and 11). These teachers will also be asked to provide the researcher with 
the lesson plans and worksheets that they used during the observed classroom lessons. In addition, 
these teachers will participate in 60 min individual interview about their practices that are used to 
foster students’ science achievement to understand which of these practices are related or are 
associated with self-regulated learning. 
If you are interested in participating in this study, please complete the form below and put it into the 
pre-prepared envelope. Seal it and hand it to the school office within three days. The researcher will 
visit the office after one-week to collect the envelope. The two participants will be randomly 
selected from each school. You will be informed if you have been selected. At the end of the study, 
you will receive a gift in appreciation of your participation in the study.  
Participation in this study is voluntary. You are free to withdraw from this study at any time without 
any prejudice or penalty. If you withdraw from the study, all the data that you have provided will be 
removed from the data set. 
All data will be collected, stored, and used with care. Information about you will be kept separately 
from the data. Specifically, pseudonyms instead of real names will be used. Also, the collected data 
School of Education 
Brisbane QLD 4072 Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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will be kept confidentially and safely either in computer files or folders that can only be accessed 
with a password or in a locked filing cabinet in the School of Education, The University of 
Queensland. Only the researcher and her advisors can access the identified data. The data that will 
be extracted for the thesis and published reports will not be able to be traced you.  
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University’s principal human ethics 
committee, the Human Experimentation Ethics Review Committee (HEERC), and registered with 
the Australian Human Ethics Committee (AHEC) as complying with the National Statement on 
Ethical Conduct in Human Research. You are free to discuss the study with me or my advisors 
Associate Professor Christa van Kraayenoord and Associate Professor Annemaree Carroll. I can be 
contacted on (+94) 342249186 or kpjay@ou.ac.lk. If you would like to speak to an officer of the 
University not involved in the study, you may contact the School Ethics Officer on (+61) 73365 
6502. 
I am grateful for your consent to participate in the study. 
 
Thank you. 
Yours sincerely, 
Ms Prabha Ransi Jayawardena    
PhD Candidate  
 
 
 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
SCIENCE TEACHER’S EXPRESSION OF INTEREST FORM 
PHASE 2 
 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
 
I .....................................................................(Name of the teacher) in ................. (Grade level) at 
the ...............................................................(Name of the school) would like to participate in the 
above mentioned study conducted by K. Prabha Ransi Jayawardena.  
 
 
-------------------------------------------   ------/------/2012 
Signature      Date 
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Appendix 18: Information Sheet for the Science Teachers – Phase 2 
(To be translated into Sinhala) 
       
 
 
PARTICIPANT INFORMATION SHEET  
  
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
The purpose of the study  
The study aims to investigate senior secondary school teachers’ understandings and practices 
that are used to foster students’ science achievement and to understand in which of these 
classroom practices are related or are associated with self-regulated learning.  
Sri Lankan national school teachers who teach Grades 10 and 11 in the Kalutara district will be 
invited to participate in this study.  
Participation and withdrawal  
Participation in this study is completely voluntary. The participants are free to withdraw from 
this study at any time without any prejudice or penalty. If any of the participants withdraw from 
the study, all the data he or she has provided will be removed from the data set. 
What is involved?  
In Phase 2 of the study, classroom observations and semi-structured interviews will be used to 
investigate senior secondary school teachers’ practices that are used to foster their students’ 
science achievement and to understand which of these practices related to SRL. 
Two science teachers (one teacher from each of Grade 10 and 11) will be invited to allow the 
researcher to observe and audio-record two classroom lessons (40-min in each of Grade 10 and 
11). These teachers are also expected to provide the researcher with the lesson plans and 
worksheets that they used during the observed classroom lessons. In addition, these four teachers 
will be invited to participate in 60 min individual interview about their practices that are used to 
foster students’ science achievement to understand which of these practices are related or are 
associated with self-regulated learning. 
Risks 
There is no foreseeable risk. You will be interviewed during your regular class times and in your 
school.  
School of Education 
Brisbane QLD 4072 Australia 
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Confidentiality and security of data  
All data will be collected, stored, and used with care. The information about the participants will 
be kept separately from the data. Specifically, pseudonyms instead of real names will be used. 
Also, the collected data will be kept confidentially and safely either in computer files and folders 
that can only be accessed with a password or in a locked filing cabinet in the School of 
Education, The University of Queensland. Only the researcher and her advisors can access the 
identified data. The data that will be extracted for the thesis and published reports will not be 
able to be traced to the individual participants.  
Ethics Clearance and Contacts 
This study has been cleared in accordance with the ethical review guidelines and processes in the 
University of Queensland. These guidelines are endorsed by the University’s principal human 
ethics committee, the Human Experimentation Ethics Review Committee (HEERC), and 
registered with the Australian Human Ethics Committee (AHEC) as complying with the National 
Statement on Ethical Conduct in Human Research. You are free to discuss the study with me or 
my advisors Associate Professor Christa van Kraayenoord and Associate Professor Annemaree 
Carroll. I can be contacted on (+94) 342249186 or kpjay@ou.ac.lk. If you would like to speak to 
an officer of the University not involved in the study, you may contact the School Ethics Officer 
on (+61) 73365 6502. 
 
If you would like to know about the outcome of the study, you can contact me at kpjay@ou.ac.lk 
after 2014, and I will send you a brief summary of the findings of the study. 
 
Ms Prabha Ransi Jayawardena 
PhD Candidate 
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Appendix 19: Science Teacher Consent Form – Phase 2 
(To be translated into Sinhala) 
 
         
 
“Sri Lankan Senior Secondary School Teachers’ Practices that Foster Students’ Science 
Achievement: Towards Developing Self-Regulated Learning” 
 
This consent form will remain with the researcher for her records 
 
I agree to take part in the research project specified above. I have had the project explained to me, 
and I have read the Participation Information Sheet. I understand that agreeing to take part means 
that:  
I agree to be interviewed by the researcher.      
I agree to allow the interview to be audio-recorded.      
I agree to allow my classroom teaching to be observed.     
I agree to allow the lessons to be audio-recorded.      
I understand that my participation is voluntary, that I can choose not to participate in the project, 
and that I can withdraw at any stage of the project without being penalised or disadvantaged in 
any way. 
I understand that any data that the researcher extracts from the classroom observations and semi-
structured interview for use in her thesis and published reports will not contain my name, my 
school’s name, and students’ names, or any other identifying characteristics. 
 
-------------------------      -----------------------------------------------  ------/------/2012 
Signature    Name                Date 
 
School of Education 
Brisbane QLD 4072 
Australia 
Telephone: +61 7 3365 6550 
Fax: +61 7 3365 7199 
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Appendix 20: A Sample of the Inductive Thematic Analysis of the Semi-Structured Interview for Mr. Hiru 
Inductive Thematic Analysis (Sweep 1)  
Text segments Main idea Category Theme Key theme 
When I teach the concepts of motion, force, and 
velocity, I ask questions to help students recall 
their pre-knowledge and experiences that they had 
in Grade 9. (348-350) 
Activating of the 
students’ prior 
knowledge 
Practices to 
activate 
students’ prior 
knowledge 
Practices to 
build knowledge 
Developing Scientific 
Learners 
 
I use brainstorming to teach science concepts. 
Students express possible answers to the topic or 
problem. For example, I conduct a brainstorming 
session to discover factors affecting transpiration 
and guttation of the plant. This provides an 
opportunity for students to share their ideas and 
expand their knowledge by building on each 
other’s contributions. (371-375) 
Using brainstorming 
to teach science 
concepts 
Practices to 
teach concepts 
Practices to 
build knowledge 
Developing Scientific 
Learners 
 
I ask students to break down the periodic table 
into smaller sections to remember the groups and 
periods of the periodic table. I tell students 
different memory techniques to help them learn 
elements of the periodic table. For example, 
students can remember the first twenty elements 
by using a song such as Hi Hello Little Berry 
Brown Cracking Nuts On Friday. Nellie’s 
Naughty Magpie Always Sings Pop Songs Clearly 
After… (537-542) 
Explaining about 
different memory 
techniques 
Practices used to 
develop 
students’ 
memory 
Practices that 
assist students to 
retrieve 
knowledge 
Developing Scientific 
Learners 
 
Sometimes I allow students to design experiments 
in the lab. This helps them to develop problem-
solving skills, team work and independent 
decision making skills. I ask students to change 
the experimental steps. I split the class into two 
Explaining about the 
use of science 
experiments  
Giving students 
responsibility 
for their own 
learning 
Practices to 
develop 
students’ 
independence 
learning 
Developing Students’ 
Independent Learning 
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groups to conduct the same experiment using 
different chemicals. Sometimes I ask students to 
use additional substances to do the same 
experiment and then observe the outcomes. I ask 
students to record observations when they perform 
experiments in the lab. (652-657) 
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Appendix 21: A Sample of the Inductive Thematic Analysis of the Classroom Observations of Mr. Hiru  
Inductive Thematic Analysis (Sweep 1) 
 
Text segments 
 
Main idea 
 
Category 
 
Theme 
 
Key theme  
Mr. Hiru asked students to think about what they will 
get when they mix NaHCO3 and H2SO4. 
A student responded, CO2 and water. 
He asked questions about previous experiment that 
the students performed to prepare CO2 gas in the lab.  
The student who responded earlier said “fire will be 
extinguished”  
He encouraged the students to think how to identify 
the CO2 gas Several students responded. 
Use of questioning  Practices to teach 
concepts 
Practices to build 
knowledge 
 
Practices to activate 
prior knowledge 
Developing  
Scientific  
Learners 
 
87. Mr. Hiru: Right. How do you know it is carbon 
dioxide?  
88. Mr. Hiru: Who can remember the previous 
experiment about carbon dioxide?  
89. Student 1: If this is carbon dioxide, the fire will 
be extinguished.  
Use of questioning Questioning focus on 
activation of prior 
knowledge 
Practices to activate 
prior knowledge 
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Appendix 22: A Sample of the Comparison of Themes from the Classroom Observations and 
Semi-structured Interview  
Key themes and themes that emerged from the Classroom Observations and Semi-
structured Interview  
(1) Developing Scientific Learners  
(2) Developing Students’ Science Interests  
(3) Helping Students to Achieve their Goals  
(4) Developing Students’ Independent Learning  
(5) Identifying and Supporting Students 
(6) Contextual Factors that Influence Science Teaching and Learning 
     (Barriers to Teaching Learning; (ii) Influence of Private Tuition; and (iii)Influence of 
Parents) 
Key themes and themes that emerged only from the Classroom Observations 
(1) Developing Scientific Learners  
Questioning  
     Questioning to activate the students’ prior knowledge. 
     Questioning to develop students’ understandings.   
Dictating notes  
Key themes and themes that emerged only from the Semi-structured Interview 
(4) Developing Students’ Independent Learning 
(5) Identifying and Supporting Students 
(6) Contextual Factors that Influence Science Teaching and Learning  
     (Influence of Private Tuition and Influence on Parents) 
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Appendix 23:  A Codebook of Labels for the Deductive Thematic Analysis of the Key themes from the Semi-Structured Interview and 
Classroom Observations 
 
Classroom Context (B) 
 
Descriptions used in this study (Adapted from Pintrich & Zusho’s 
Model, 2007) 
 
Code label 
Academic tasks  Academic tasks refer to the nature of the learning tasks that students 
confront in the classroom. For example, multiple choice and essay exams, 
library research papers, expository essay papers, solution of problem sets, 
performing and writing up results from experiments, reading a text and 
discussing it in class, and other variations on assignments and assessment 
tasks. 
AT 
Reward structures  Reward structure refers to how “rewards” such as grades are distributed 
among students.  
Reward structures can be Independent, Cooperative, and Competitive. 
RS 
Instructional methods  Different instructional methods that the teacher use in classroom such as 
lectures, discussions, recitations, lab activities, simulations, etc. 
IM 
Instructor behaviour  The ways in which the different instructional methods are used and 
implemented by the teacher. 
Teacher characteristics (e.g., clarity, organization, enthusiasm, rapport, 
expressiveness, etc.) 
Teacher expressiveness (e.g., physical movement, eye contact, voice 
inflection and humor)  
 
 IB 
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Motivational Processes (C ) 
Efficacy/Control 
Beliefs 
*Self-efficacy concerns students’ beliefs about their ability just to do the 
task, not the linkage between their doing it and the outcome. 
E/CB 
Values/Goals *Value components include the students’ goals for engaging in a task as 
well as their beliefs about the importance, utility, or interest of a task. 
*Goals are assumed to be cognitive representations of the different 
purposes students may adopt in different achievement situations. 
V/G 
Affect/Emotions Affective components include students’ emotional reactions to the task 
and their performance (i.e., anxiety, pride, and shame) and their more 
emotional needs in terms of self-worth or self-esteem, affiliation, and self-
actualization. 
A/E 
Self-Regulatory Processes (D) 
Regulating cognition Regulating cognition includes the students’ attempts to regulate the 
various types of cognitive and metacognitive learning strategies such as 
goal-setting, activation of relevant prior content knowledge, and activation 
of metacognitive knowledge. 
*Three types of cognitive strategies: 
Rehearsal strategies: Attempts to memorize material by repeating it over 
and over or other types of “shallower” processing. (Practice saying the 
material over and over, memorize key words, make lists of important 
terms and memorize the lists). 
 
RCOG 
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Elaboration strategies: Reflect a “deeper” approach to learning, by 
attempting to summarize the material, put the material into one’s own 
words, and so forth.  
Organization strategies: Some deeper processing through the use of 
various tactics such as taking notes, drawing diagrams, or developing 
concept maps to organize the material in some manner. 
Regulating 
motivation/affect 
*Regulation of motivation and affect would include attempts to regulate 
the various motivational beliefs such as goal orientation (purposes for 
doing task), self-efficacy (judgments of competence to perform a task), 
task value beliefs (beliefs about the importance, utility, and relevance of 
the task) 
*Personal interest in the task 
RM/A 
Regulating behaviour *Regulation of behaviour involves students attempts to control their own 
overt behaviour  
*Time management (the making of schedules for studying and allocating 
time for different activities) 
* Planning and record keeping- keeping logs of study time, diaries of 
activities, record-keeping and help-seeking. 
RB 
Regulating context *Student’s attempts to monitor, control, and regulate the context  
*The nature of the tasks in terms of the norms for completing the task 
(e.g., the format to be used, the procedures to be used to do the task such 
as whether working with others is permitted or is considered cheating, 
etc.)  
RCON 
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Appendix 24: A Sample Codebook of Deductive Thematic Analysis of the Classroom 
Observation of Mr. Hiru 
 
Key theme  
Pintrich and Zusho’s (2007) Model  
(Components in relation to B, C, and D) 
Developing Scientific Learners AT (B) 
IM (B) 
IB(B) 
RCOG (D) 
RCON (D) 
Developing Students’ Science Interests RS (B) 
V/G (C) 
Helping Students to Achieve their Goals RCOG (D) 
Contextual Factors that Influence Science 
Teaching and Learning  
(Barriers to Teaching and Learning) 
RCON (D) 
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Appendix 25: A Sample Codebook of Deductive Thematic Analysis of the Semi-structured 
Interview of Mr. Hiru 
 
 
Key themes  
 
Pintrich and Zusho’s (2007) Model 
 (Components in relation to B, C, and D) 
Developing Scientific Learners AT (B) 
IM (B) 
RS (B) 
RCOG (D) 
RB (D) 
RCON (D) 
Developing Students’ Science Interests AT (B) 
IM (B) 
RS (B) 
V/G (C) 
Helping Students to Achieve their Goals AT (B) 
IM (B) 
V/G (C) 
A/E (C) 
RCOG (D) 
Developing Students’ Independent 
Learning 
AT (B) 
IM (B) 
RCON (D) 
Identifying and Supporting Students AT (B) 
IM (B) 
E/CB (C) 
RM/A (D) 
Contextual Factors that Influence 
Science Teaching and Learning  
(Barriers to Teaching and 
Learning) 
RCON (D) 
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Appendix 26: Similarities and Differences Across the Four Cases 
 
 
Key Themes and Themes 
 
Mr. 
Hiru 
 
Mrs. 
Hima 
 
Mr. 
Kuma 
 
Mrs. 
Malee 
(1) Developing Scientific Learners      √     √   √    √ 
(1) Practices to build knowledge.      √     √   √    √ 
(i) Practices to activate students’ prior 
knowledge 
     √ 
 
    √   √    √ 
(ii) Practices to teach science concepts        √    
(iii) Assisting students’ to apply scientific 
knowledge to everyday life 
     √   √    √ 
(iv) Questioning       √     √   √    √ 
(v) Demonstration      √     √   √  
(vi) Modelling      √      √ 
(vii) Scaffolding          √ 
(viii) Brainstorming       √    
(ix) Visual representations and AV 
materials 
     √     √   √    √ 
Use of models      √     √   √    √ 
Use of concept maps      √     √   
Use of graphs       √ 
Visualization and illustrating science  
concepts 
      √ 
(x) Homework       √ 
(xi) Dictating notes      √   
(2) Practices to help students learn 
together. 
     √     √   √    √ 
(i) Group experiments      √     √   √    √ 
(ii) Group discussions      √     √   √    √ 
(iii) Mini study groups      √    
(iv) Group problem-solving tasks      √   
(3) Practices that assist students to retrieve 
knowledge. 
     √     √     √ 
(1) Use of memory techniques      √     √     √ 
(i)  [Organization of learning materials, 
highlight text materials, and write 
summaries in the margins of the 
notebook] 
     √    
(ii) Rote learning       √ 
(iii) Creating a glossary      √     √  
(iv) Taking notes      √     √   
(v) Making one’s own notes       √ 
(2) Developing Students’ Science Interests      √      √   √    √ 
(i) Engaging students with the teacher-
created science equipment 
     √    
(ii) Encouraging students to observe 
everyday life and the natural 
environment 
     √    
(iii) Promoting students’ membership of 
science societies and clubs and building 
networks with experts in science 
     √    
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organisations 
(iv) Providing out-of-school experiences      √     √   √    √ 
(v) Providing hands-on learning activities         √   √    √ 
(vi) Encouraging students to make 
science equipment 
     √    √  
(vii) Enthusiastic about teaching science      √    
(viii) The use of teaching practices 
focused on student engagement 
      √ 
(3) Helping Students to Achieve their 
Goals  
     √     √   √    √ 
(i) Learning goals      √     √     √ 
(ii) Goals related to achievement in 
exams 
     √     √   √    √ 
(iii) Future career goals      √     √     √ 
(4) Developing Students’ Independent 
Learning 
     √     √         √ 
(i) Enabling their participation in science 
experiments 
     √    
(ii) Conducting role-plays      √    
(iii) Encouraging the students’ 
expression of views and disagreements 
 
     √ 
   
(iv) Encouraging students to seek 
knowledge from different sources 
     √      √ 
(v) Providing students to: 
-select their own topics and learning   
materials  
-select group members.  
-change the steps in an experiment 
seek knowledge independently 
     √      √ 
(5) Identifying and Supporting Students      √     √   √    √ 
(i) Students with different abilities      √     √   √    √ 
(ii) Male and female students      √      √     
(iii) Students with language difficulties      √   
(iv) Helping students from different 
socio-economic backgrounds 
      √ 
(6) Contextual Factors that Influence 
Science Teaching and Learning 
     √     √   √    √ 
(1) Barriers to teaching learning.      √     √   √    √ 
(i) The overloaded syllabus      √   √    √ 
(ii) The lack of space      √     √          √  
(iii) Poor lighting and air ventilation       √          √ 
(iv) Distractions from adjoining 
classrooms 
      √ 
(v) The paucity of resources      √     √   √    √ 
(vi) Problems with the science textbooks      √   √    √ 
(2) The influence of private tuition.     √    √ 
(i) Influences of private tuition on 
independent learning 
    √  
(ii) Perceptions of private tuition teachers     √    √ 
(3) The influence of parents.       √ 
 
